





SEPTEMBER, 1932 


Moen 
rOSpifa 


THE JOURNAL 


OF 


PEDIATRICS 


A MONTHLY JOURNAL DEVOTED TO THE PROBLEMS 
AND DISEASES OF INFANCY AND CHILDHOOD 


Official Organ for 
THE AMERICAN ACADEMY OF PEDIATRICS 


EDITORS 
BORDEN 5. VEEDER 


HUGLi MeCULLOCH 
St. Louis 


St. Louis 


EDITORIAL BOARD 
KENNETH D. BLACKFAN, Boston ROBERT 
THOMAS B,. COOLEY, Detroit 
MWAROLD K. FABER, San Francisco 


A. STRONG, New Orleaus 
PHILIP VAN INGEN, New \ ork 
CLIFFORD G. GRULER, 


Chieage 
(Ex oflicio) 


Published by THE C. V. MOSBY COMPANY, 3523-25 Pine Bivd., Saint Louis, U.S. A. 


Entered at the Pos Office at St. Louis, Mo., a econ 
Copyrieht 1932 by The C. V. Mosby C 


1 4 Matte 

















31 years ago--- 


The Idea of a Physicians Casualty Association was born 


e intention to furnish sound insurance. on a assets justifies the feeling that a re mable 


measure 
tive basis, 


voiding extravagant promises that of success has attended our effort 
be fulfilled, the highest anibition being to CLAIMS PAID 
reputation that, “The P. C. A. provides good Over S 5,000,090 00 
Continuous growth in membership and ASSETS 
Over $1,000,000 
Policies in force—ever 414,000 
Physicians Casualty Association Omaha, Nebraska 
Physicians Health Association E. E. Elliott, sycoretary-Treasure 

















During the Depression 


* First Thought—Breast Milk * 


In addition to its many proved advantages over artiiicial 
feeding, breast milk during this time of financial stress has 
the advantage of economy. Breast milk is not only the best 
milk any baby can have, but it is also the least expensive 
feeding at the mother’s command. It is also the most 
convenient feeding. It requires no mixing, sterilizing 
or warming. 


WHEN breast milk fails, or when the mother’s physical condition makes 
breast feeding inadvisable, a formula of cow’s milk, water and Dextri- 
Maltose—adjusted by the physician to the infant’s individual and changing re- 
quirements—is the next choice. Dextri-Maltose is readily assimilable with 
marked freedom from tendency to cause intestinal fermentation and upset; it 
is bacteriologically clean; it is supplied in dry powder form not readily subject 
to contamination. For three decades, its consistent clinical results have been 
known to physicians. In addition to these advantages, it costs but a few cents 
a day, so that it is within the reach of almost every mother even during the 


depression. 


As a means of prolonging the infant’s term at the breast, 
Casec (calcium-caseinate) is indicated as an antifermentative 
in colic and the mild diarrhoeas of breast-fed infants. Giver 
in small amounts prior to nursing, its effectiveness i 
promptly manifested in most cases. Detailed literature an: 
samples. available to physicians, upon request. 


MEAD JOHNSON & COMPANY, Evansville, Ind., U.S.A. 


Exponents of Baby Feeding by Physicians ~ 
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Original Communications 


ERYTHROBLASTOSIS FETALIS AND ITS ASSOCIATION WITH 
UNIVERSAL EDEMA OF THE FETUS, ICTERUS 
GRAVIS NEONATORUM AND ANEMIA 
OF THE NEWBORN* 


Louis K. DiAMonp, KENNETH D. BLACKFAN, AND JAMES M. Barry 
Boston, Mass. 


NFANTS may present, at birth or shortly thereafter, evidences in- 

dieative of a dysfunction of the hematopoietic and hemolytic sys- 
tems, unrelated to such discoverable factors as free bleeding. ‘malig- 
nancy, congenital anomalies or sepsis. The so-called idiopathic or pri- 
mary conditions have been designated by a number of terms descriptive 
of the clinical manifestations. For instance, when anemia has been 
the presenting symptom, the syndrome has been spoken of as ‘‘con- 
genital anemia of the newborn’’; when the anemia has been masked by 
a severe degree of jaundice, the term ‘‘icterus gravis neonatorum’’ has 
been used; when attention has been directed to an enlarged liver and 
spleen in association with icterus and anemia, together with signs of 
unusual erythroblastie activity in the extramedullary organs and in 
the peripheral blood, the name ‘‘erythroblastosis fetalis’’ has been ap- 
plied; when edema has been most outstanding in addition to anemia, 
splenomegaly, hepatomegaly, and unusual erythroblastosis, the condi- 
tion has been described as ‘‘universal edema of the fetus.’’ 

These clinical entities have received recognition and achieved impor- 
tance in the following order: universal edema of the fetus, which pre- 
sents so definite an abnormality, has been recognized for centuries; 
icterus gravis neonatorum, the identification of which depended on its 
differentiation from physiologic icterus neonatorum because of its 
greater duration and severity, and its familial incidence as well as its 
frequently fatal termination, was recognized late in the nineteenth cen- 


*From the Departments of Pediatrics and Pathology, Harvard Medical School, 
and from the Infants’ and Children’s Hospitals, Boston, Massachusetts. 

This study was made possible, in part, by a grant from the Proctor Fund of 
the Harvard Medical School for the study of chronic disease, 
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tury; erythroblastosis fetalis, which was differentiated primarily by 
microscopic examination of the peripheral blood and of the tissues, 
was featured prominently about 1910; and anemia of the newborn, 
the most recently described syndrome, has received emphasis through 
detailed observations of the changes in the blood occurring shortly 
after birth. 

There are two main questions with reference to these clinical entities 
which are of particular interest: (1) Are they closely related? and 
(2) Do they have a common pathologie basis! 


REVIEW OF THE LITERATURE 


This analytical review is comprised chiefly of cases described in the literature 
which fulfill the diagnostic requirements of the syndromes mentioned above. A 
large number of questionable cases have been recorded, but these have not been 
given prominence owing to the lack of essential data. However, reference to many 
of them is included in the bibliography.1-22 

Among the early dissertations upon universal edema of the fetus, the best known 
is that of Ballantyne,23 who in 1898 collected seventy (70) cases which occurred 
subsequent to 1614. Although in many of these the dropsy seemed dependent on 
a congenital malformation, in other instances there was no apparent mechanical 
cause; but the presence of enlargement of the liver and the spleen points possibly 
to a disturbance of the blood. Cases of universal edema of the fetus associated 
with abnormalities of blood cells were reported as a fetal type of leucemia by 
Jakesch and Klebs?4 (1878), Sanger25 (1888), and Pollmann2¢ (1898), as well as 
by other writers.27,28 Swart2® (1905) described a newborn infant with general 
edema, in which the tissues showed unusual blood-forming foci in the liver, the 
spleen, and the kidneys, but the etiologic significance was not realized at this time. 
King®® (1908) reported a somewhat similar pathological finding in a dropsical 
child. 

The occurrence in certain types of universal edema of the fetus of an underlying 
and causative disturbance of the hematopoietic organs was first described by 
Schridde*t (1910)¥ Thereafter, reports of this type of fetal dropsy became more 
numerous. Among the verified instances may be mentioned: d’Himmelheber®? 
(1910), Fischer®3 (1912), Rautmann’4 (1912), Loth®5 (1912), Linder’¢ (1913), 
Hellseid8? (1913), Leendertz*s (1913), Pfreimbter?9 (1913), Fleishmann and Wolff+°® 
(1914), Lutz*#1 (1914), Wienskowitz42 (1914), Jores#® (1916), Schmidt and Ménch*4 
(1918), Liegner45 (1919), Bock+é (1922), Capon4? (1922), Koegel4s (1922), Sim- 
monds#® (1923), Becker5® (1925), Hartmann51 (1925), Goormaghtigh52 (1925), 
Bullard and Plaut5? (1926), Oberndorfer54 (1927), de Groot55 (1927), Hart- 
mann5é6 (1928), de Lange and Arntzenius5? (1929), Gill and Auld5s (1930), 
Kovaes5® (1930), Bock®® (1930), and Schweitzer61 (1931). The case reported by 
Goormaghtigh is of particular interest because he described and illustrated the oc- 
eurrence of extensive erythroblastie proliferation and infiltration in the placenta. 
The author called attention to this and to existing edema as the causes of the 
enlargement of this organ. In the eases mentioned above, the criteria common 
to all have been: general edema, enlarged liver and spleen, evidences in the tissues 
of anemia, ieterus, and extensive extramedullary blood-forming islands, and enlarge- 
ment and edema of the placenta. r 

As regards icterus gravis neonatorum, Blomfield®2 (1901), Arkwright®? (1902), 
Auden®* (1905), Rolleston®5 (1910 and 1920), Hampson®® (1929), and others®7-9% 
have recorded large numbers of cases. However, other than mentioning the familial 
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incidence, the severity of the icterus, and the unfavorable prognosis, these writers 
failed to give data from which the underlying morbid pathology could be surmised. 
Buchan and Comrie (1909)“reported a most interesting and thorough study of 
two families in which several newborn infants developed icterus gravis. They noted 
the presence at birth of large numbers of nucleated erythrocytes in the peripheral 
blood. The spleens and the livers were greatly enlarged and contained numerous 
areas of hematopoiesis. 

Since the excellent publication of Buchan and Comrie,94 complete descriptions 
of familiai icterus gravis neonatorum, associate] with changes in the blood and the 
extramedullary blood-forming organs, have been given by Rehn® (1912), Yippé% 
(1918), von Gierke®? (1921), Thorling®s (1922), Fordyce and McAfee (1924), 
Hoffmann? (1924), Hilgenberg!®1 (1925), de Lange1°2 (1926), Hoffmann and 
Hausmann1°3 (1926), Rosenbaum1®4 (1928), de Lange and Arntzenius5? (1929), 
Huwerl® (1929), Wijsenbeck1°%¢ (1929), Kleinschmidt!®? (1930), Buhrmann and 
Sanford1°8 (1931), MacClure1°9 (1931), and Kramsztyk11° (1931). De Lange and~ 
Arntzenius5? called attention to the occurrence of dark yellow-colored amniotic 
fluid and a vernix caseosa of a ‘saffron-yellow hue at the birth of patients suf- 
fering from this disease. From these reports, the important criteria for the di- 
agnosis of icterus gravis neonatorum may be stated as being: familial incidence of 
early and severe jaundice, anemia, abnormally large numbers of nucleated erythro- 
cytes in the blood, enlargement of liver and spleen, and hematopoiesis to an ex- 
traordinary degree in extramedullary sites. 

Although many writers described distinctive pathologic changes with reference 
to hematopoietic disturbances in certain cases of fetal hydrops, as mentioned above, 
it was Schridde*1/who associated them directly with and believed them to be of 
significance in universal edema of the fetus. Rautmann*4 termed the underlying “ 
condition ‘‘erythroblastosis.’’ Under this title have been described many more 
examples of this pathologic entity, in which fetal hydrops was frequently, though 
not invariably, present. Chiari1!! (1914) detailed one such case. Woolleyt!2 (1915) 
presented a very interesting discussion of the condition. His case was one of twins, 
the other infant being entirely normal. The incidence in only one of twins was 
later mentioned by Oberndorfer.54 This was taken to be evidence against the de- 
pendency of the disease upon maternal toxemia or upon metabolic disturbances of 
pregnancy. Koegel#s (1922) and Eichelbaum!!3 (1923) described two cases of 
erythroblastosis fetalis. Kratzeisen and Ballhorn'!4 (1925) added eight (8) cases, 
Frank115 (1926) reported one case; von Gierke116 (1930), and Hueper and Mullen'!? 
(1930), each described a single case. Salomonsen!!§ (1931) added five (5) com- 
pletely studied instances to the literature. Ferguson'!® (1931) also published an 
excellent description of the pathologie changes in five (5) cases of erythroblastosis 
fetalis with and without edema. 

These cases of erythroblastosis fetalis present in common the following signs: 
enlargement of liver and spleen, usually with generalized edema, though occasionally 
only with jaundice; pallor of body tissues; large numbers of circulating nucleated 
erythrocytes; and extraordinary hematopoietic activity in the liver, spleen, kid 
neys, and in other organs. Enlargement and edema of the placenta have been fre 
quently mentioned. 

The occurrence of an unusual form of anemia in the newborn was suggested 
by Finkelstein12° (1911), Lichtenstein!21 (1917), and by others, but the details 
of the features in these cases were not given. In the report by Buchan and , 
Comrie®* (1909) of four (4) infants with icterus gravis neonatorum, the presence 
of a severe congenital anemia was emphasized. However, priority for the de 
scription of anemia alone is generally accredited to Ecklin!22 (1919), who pub 
lished ‘‘a case of severe anemia in the newborn.’’ Since this time careful ob 
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servation and study of the blood have enabled many investigators to find infants 
suffering from this disturbance. Some of the reports!22-126 do not give complete 
blood studies, and so for the present should be considered only as probable in- 
stances of this form of anemia. Others!27, 128 may be atypical examples of this 
disturbance, for they do not conform to all the criteria found in the condition as 
it is now recognized. Instances which appear to fulfill the criteria for the diag- 
nosis of anemia of the newborn have been described by Susstrunk!29 (1924), 
Donnally!%® (1924), Sanford!%: (1925), Schleussing!%2 (1926), Bonar133 (1927), 
Canino!%4 (1927), Sidbury'®5 (1927), Foote136 (1928), Gregory!37 (1928), Za- 
horsky?88 (1928), Ehrmann15® (1929), Happt40 (1930), Greenthal'4! (1930), Gelston 
and Sappington!#2 (1930), Gismondi!43 (1930), Stransky144 (1931), and Abt!45 
(1932 

The diagnostic criteria common to these cases are: severe pallor and anemia oc- 
curring shortly after birth; the presence early, of large numbers of immature red 
blood cells, mostly reticulocytes, which later become diminished; often enlargement 
of liver and spleen; and at necropsy, extramedullary hematopoiesis in abnormal de- 
gree in various organs. To these findings should’ be added the occurrence of early 
or severe icterus, which has been noted in seven (7) of the cases described. 

A recent article, published since this review was completed, is that of L. G. 
Parsons, entitled ‘‘Congenital Anemia,’’ in Acta Pediatrica 13: 378, June 6, 1932. 
The author cites numerous cases of anemia in infants. The mothers suffered from 
deficiencies in diet, a finding absent in true cases of congenital anemia of the new- 
born. From his studies, the author concludes that the disturbance is a true nutri- 
tional anemia, remediable by medication. The findings in these cases, however, 
do not meet the criteria, as set forth in our review, for the diagnosis of congenital 


anemia of the newborn. 
REVIEW OF CASES 


(The Case Reports are appended.) (Table I) 

The observations which form the basis for this discussion have been 
obtained from twenty (20) patients; twelve (12) observed in this clinic, 
and eight (8) studied at the Boston Lying-in Hospital.* Histologic 
examinations have been made on twelve (12) patients. This series of 
eases conforms in every respect to the distinctive criteria which are 
essential for the diagnosis of the above-mentioned clinical entities. The 
twenty (20) cases may be classified as follows: 

1. Universal edema of the fetus—two (2) cases. 

2. Ieterus gravis neonatorum—twelve (12) eases. 


3. Anemia of the newborn—six (6) cases. 


An analysis of the two (2) cases included under the diagnosis of 
universal edema of the fetust shows that a history of familial incidence 
was present in one of the patients. In each infant, the placenta was 
enlarged approximately twice normal, and, histologically, clusters of 


*We are indebted to Dr. F. C. Irving, Obstetrician-in-Chief of the Boston Lying- 
in Hospital, for the privilege of incorporating these results and observations. A 
preliminary discussion of the subject, entitled “erythroblastosis,” was presented by 
Drs. S. H. Clifford and A. Hertig at the meeting of the Massachusetts Medical Society, 
June 10, 1932. (N. E. J. Med. 207: 105, July 21, 1932.) A more complete study in- 
volving a larger series of cases will be published in the near future by Drs. A. Hertig, 
W. H. Oatway, and S. H. Clifford. 

*This information has been obtained from cases at the Boston Lying-in Hospital, 
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erythroblasts were present in the blood vessels; there was generalized 


edema of the tissues and free fluid in the serous cavities; the liver and 
the spleen were greatly enlarged. The body fluid and tissues were 
icteric. Examination of the blood indieated an anemia; many erythro- 
blasts were present in the peripheral blood. Histologically, an ex- 
tensive hematopoiesis was demonstrated in the liver, and in other extra- 
medullary organs. Hemosiderosis occurred in the liver cells. 

There were twelve (12) eases of icterus gravis neonatorum. Nine 
(9) of these patients died. In the three (3) patients who survived, a 
severe anemia, present from birth, persisted long after the disappear- 
ance of icterus. A familial incidence was present in four (4) of the 
twelve (12) patients. The placenta was enlarged about one and a half 
times normal in three (3) eases, and in these three (3) patients, a 
golden-yellow vernis caseosa was noted at the time of birth.t Accurate 
information with reference to these data was not secured in the re- 
mainder. Jaundice was present at birth in three (3) patients, it ap- 
peared five (5) hours afterward in one patient, and in the remaining 
eight (8) eases it was observed for the first time on the second day. 
In all the patients it rapidly increased in severity to reach a degree 
usually referred to as ‘‘ieterus gravis.’’ Pallor of the mucous mem- 
branes was noticed in two (2) patients at birth, in one patient within 
five (5) hours, and in two (2) patients at sixty (60) hours. Definite 
pallor became evident in two (2) patients at ten (10) days; in the re- 
mainder the date of its appearance was not determined. Edema of the 
extremities appeared within five (5) hours in two (2) infants and on 
the third day in one other patient. Enlargement of the liver and 
spleen was present in all twelve (12) patients. Petechial hemorrhages 
were evident in seven (7) patients. Examination of the blood revealed 
an anemia, and an unusual number of erythroblasts in nine (9) pa- 
tients. The blood was not examined in the remaining three (3) pa- 
tients. Necropsy (nine patients): Extensive hematopoiesis was dem- 
onstrated in the liver and the spleen, and in other extramedullary 
organs; deposits of hemosiderin were increased in amount in the liver 
and the spleen. 

Under the diagnosis of anemia of the newborn, there were six (6) 
cases. A familial incidence occurred in but two (2) infants, and these 
were members of the same family. Information regarding the size of 
the placenta and the appearance of the vernix caseosa was not obtained. 
Pallor was noted at a different period after birth in each case, viz., at 
seven (7) hours, first day, ninth day, twelfth day, thirteenth day, and 
seventeenth day. Jcterus was absent in one patient, but appeared on 
the first day of life in two (2) patients, and on the second day in three 
(3) patients. Hdema did not oceur in any of these six (6) patients. 
The liver and the spleen were palpable in each infant. Petechial hemor- 
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rhages occurred in two (2) patients. Examination of the blood at the 
age of about two (2) weeks revealed severe anemia in all six (6) 
infants. 


HEMATOLOGIC DATA* 


In summarizing the laboratory data obtained from the six (6) in- 
fants with icterus gravis neonatorum studied by us, it was found that 
in two (2) eases observed within the first twelve (12) hours, the 
erythrocytes were only 1,700,000 per cu. mm., and the hemoglobin about 
45 per cent, giving a color index of 1.3. The blood platelets were 
greatly reduced. There were about 25,000 leucocytes per cu.mm. Nu- 
eleated erythrocytes were present in large numbers—over 50,000 per 
cu.mm. In the infants (4) observed for the first time after the first 
day of life, the erythrocytes and the hemoglobin were at lower levels, 
in one ease, only about one-half million (500,000) per cu.mm. and 15 
per cent respectively. Nucleated erythrocytes numbered 2,000 to.6,000 


per cu.mm. The leucocytes were increased, and showed evidence of 


great immaturity, there being young polymorphonuclear neutrophiles, 
numerous myeloeytes, and some myeloblasts, as well as young forms of 
lvmphoeytes and monocytes. 

Considering the data collected for these six (6) cases of icterus 
gravis neonatorum, it might be inferred that in the first twelve (12) 
hours, the erythrocytes fell in number to slightly under two million 
per cu.mm., with the hemoglobin percentage remaining comparatively 
less depressed, so that a color index greater than unity resulted. In the 
following days, the erythrocytes became still further reduced, oeca- 
sionally to even less than one million per cu.mm. The blood platelets 
were extremely depressed in the first few days, but rose thereafter. 
The numbers of nucleated erythrocytes were very great in the first day 
of life, usually over 50,000 per cu.mm. They tended to diminish in 
quantity but were still present in abnormal amounts as late as two 
weeks after birth. There was present at birth a leucocytosis with 
numerous immature cells of every type. These gradually became more 
mature in character. After the second week, a slight eosinophilia was 
to be found. 

The color index usually was definitely above unity. The stained 
blood film reflected this in the numbers of erythrocytes well filled with 
hemoglobin and in the presence of macrocytes. There was very little 
variation in shape of the cells. In addition to the nucleated erythro- 


*Counting chambers and blood pipettes certified by the U. S. Bureau of Standards 
were used in the enumerations of erythrocytes, leucocytes and blood platelets. A 3 
per cent solution of sodium citrate was the diluent in erythrocyte and platelet estima- 
tions. A 2% per cent solution of acetic acid was the diluent for the leucocyte counts. 
The hemoglobin concentration was determined by the method of Newcomer (100 per 
cent = 16.92 gm. per 100 c.c. blood). 

Cells were examined microscopically from cover-slip smears of blood, stained by 
the method of Wright. For the differential count of erythrocytes, 1,000 cells were 
counted; for that of leucocytes, 200 cells. 
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cytes, the numbers of reticulocytes, granule cells, and other forms of 
immature red blood cells were likewise increased. 

The bleeding time was generally prolonged, shortly after birth, but 


tended to approach normal in the succeeding days. The coagulation 


time was prolonged in one ease only. 

The icterus index was greatly elevated in every case. The van den 
Bergh test gave both the direct and the indirect reactions in two eases. 
This seemed to indicate that the jaundice was of an hemolytic, as well as 
of an obstructive type. 

The fragility of erythrocytes in hypotonie saline solutions showed, in 
the two (2) eases so studied, a slight inerease in the onset of hemolysis 
in ope (Case 8), and a greater resistance span in the other (Case 5). 
Certainly the slight increase in fragility did not approach the range 
usually present in true familial hemolytic jaundice. 

In the six (6) infants with anemia of the newborn, the erythrocytes 
numbered below 1,000,000 per cu. mm. in three (3) cases. In two (2) 
other cases, they were about 1,500,000 per cu. mm., and in one ease about 
2,500,000 per cu. mm, The hemoglobin concentrations were likewise low- 
ered, but the color index was one or over, in five (5) of the six (6) 
cases, showing the existence of a hyperchromia. This was borne out 
by examination of the stained films of blood, in which well-filled erythro- 
cytes and many macrocytes occurred. The color index usually was 
lowered suddenly as the result of transfusion of blood, and then rose 
again as the effects of the injected blood disappeared. 

The blood platelets were normal in every case, and no increase in the 
bleeding time was present. 

The blood films showed nucleated erythrocytes numbering about 1,000 
per cu. mm, in three eases, and only rarely present in the other three (3) 
eases, Although the percentage of reticulocytes seemed high in most 
cases, the absolute numbers of immature erythrocytes were usually be- 
low normal levels for the age of about two (2) weeks. Thereafter, for 
about two (2) or three (3) weeks, the absolute numbers of immature 
erythrocytes were usually low, showing a level of regeneration below 
normal. Reeovery was evidenced by the increase in numbers of retie- 
uloeytes which usually occurred after the fifth week of life. This was 
followed by an increase in numbers of erythrocytes and in the amount 
of hemoglobin. 

A slight to moderate leucocytosis occurred in all eases, with evidences 
in the stained smear of blood of immature forms of leucocytes, mainly 
of the myeloid series. A slight eosinophilia occurred, usually after the 
fourth week. The differential count of leucocytes became normal in 
the third week. 

The icterus index was usually found to be below 20, and the van den 
Bergh test showed an indirect bilirubin reaction. After the third week, 
no inerease in ieterus index was present. 
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Fig. 1.—Case 8. Icterus gravis neonatorum blood smear taken at age of ten hours. 
Seventeen nucleated erythrocytes at different stages of development. Numerous re- 
ticulocytes. Immature leucocytes. Camera lucida drawing. Combination of cresyl blue 
and Wright's stain. 1200. 
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The fragility of the erythrocytes in hypotonic saline solutions was 
found to be normal in each infant. 


OTHER LABORATORY DATA 


In each infant in this series of twelve (12) cases, cultures of the 
blood taken repeatedly during life failed to show growth of organisms. 
Tubereulin tests in dilutions of 1/1000 intradermally were uniformly 
negative. The Wassermann reaction on the blood of the patients, and 
in some eases of the parents as well, was negative. Uxamination of the 
urine and of the feces showed no unexpected findings. 

There was no constant difference between the blood groups of the 
mother and of the infant, so that agglutination could not be related to 
the hemolysis and anemia in any ease. 


SUMMARY OF THE PATHOLOGIC CHANGES 


Whereas a slight degree of extramedullary hematopoiesis is usually 
present in newborn infants and is found to a more marked degree in 
infants born prematurely, the widespread distribution and great degree 
of extramedullary hematopoiesis in erythroblastosis fetalis and its re- 
lated conditions so far exceeds the normal as to constitute an outstand- 
ing characteristic (Salomonsen™*) (Farber'’). Hematopoiesis is evi- 
dent in the enlarged liver and spleen, in the kidneys, adrenals, pancreas, 
lymph nodes, thyroid, genital glands, and in other organs. 

We have found in four infants who died that there was a moderate 
to severe degree of icterus and anemia, as indicated by the staining 
and pallor of the tissues and organs. There also was considerable dys- 
function of the pigment metabolism as shown by the presence of much 
hemosiderin in the liver cells, the Kupffer cells of the liver, the endo- 
thelial phagocytes of the spleen, as well as in the epithelial cells of the 
convoluted tubules of the kidney. Hemosiderin also was oé@easionally 
found in the lining epithelium of the acini of the panereas and the 
thyroid gland and in the epithelium of the mucous membrane of the 
stomach and the intesiines.* 

The liver was usually two to three times normal in size, firm, smooth, 
and of an even greenish-brown color. Microscopically, the single out- 
standing finding, which completely dominated the picture, was the pres- 
ence of large numbers of islands of hematopoiesis scattered throughout 
the parenchyma. These foci of hematopoietic activity were located 
chiefly in the sinusoids, and in the periportal spaces. The cells at the 
periphery of these islands of blood formation were easily recognizable 
erythroblasts; at the center there were large basophilic cells, presum- 
ably more primitive red blood cells. A lesser degree of myeloid activity 
likewise could be noted. Frequently the hematopoietic islands com- 


: *The ammonium sulphide and ferricyanide of potassium stain of Mallory was used 
in this examination. 
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pressed the liver columns and oceasionally replaced the liver cells. 
Some of the liver cells showed early vacuolization. Many of them con- 
tained brown pigment granules. The bile ducts were dilated and filled 
with bile casts. The Kupffer cells were usually prominent and con- 
tained considerable amounts of hemosiderin pigment. 


The spleen was four (4) to five (5) times the normal weight and size, 
firm, and of a deep reddish-brown color. The follicles did not stand 
out clearly. But little evidence of fibrosis could be found. Micro- 
seopie sections showed extremely active hematopoiesis and considerable 
hemosiderosis. The formation of erythrocytes and leucocytes from their 
earliest recognizable stages could be traced in the numerous hemato- 
poietie centers. Phagocytosis of cellular fragments and of pigment sub- 


stanees was marked. There were few small-sized malpighian corpuscles, 
and a congestion of the pulp. 

The heart showed a moderate degree of hypertrophy and dilatation. 
The kidneys showed numerous areas of hematopoiesis. These foci were 
located chiefly at the junction of medulla and cortex, and in the con- 
nective tissue adjacent to the pelvis. Most of the cells sufficiently dif- 
ferentiated for identification were erythroblasts. Deposits of fine hemo- 
siderin pigment were present in the epithelium lining the tubules. The 
bone marrow was usually extremely hyperplastic, showing very marked 
hematopoietic activity involving both erythroblastiec and myelocytic 
elements. Megakaryocytie elements occasionally were reduced in num- 
ber. The pancreas, thymus, adrenals, testes or ovaries, and intestinal 
tract also showed areas of blood-formation to a varying degree. 

Seattered throughout many of the organs in the body were numerous 
petechial hemorrhages. These were seen chiefly on the pleura, the peri- 
cardium, and in the mucous membranes of the gastrointestinal tract, as 
well as in ‘the skin. 

The placenta* as found in eases of erythroblastosis with edema was 
usually enlarged two to three times normal size. It was pale and firm. 
Microseopically, the villi appeared edematous and hyperplastic, en- 
eroaching upon the intervillous spaces. The syncytial layer usually 
showed less maturity than is normal in the full-term placenta. The 
vessels contained numerous erythroblasts of all ages, often early em- 
bryonic types. Many appeared in clusters, suggesting erythroblastic 
activity in situ. No definite primary erythropoietic centers were noted. 
The placenta as found in eases of erythroblastosis with icterus gravis 
was generally somewhat smaller than that in the fetal edema type, being 
generally about one and one-half times normal size. Microscopically, 
erythroblasts appeared only in the blood vessels of the villi and no 
definite proliferative centers were seen. 


*We are indebted to Dr. A. Hertig, Resident Pathologist at the Boston Lying-in 
Hospital for this description of the pathology of the placenta. 
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Fig. 2.—KErythroblastosis. Liver. Hematopoietic foci; many undifferentiated cells, 
probably erythroblastic, and numerous normoblasts. Bile stasis in liver cells. Camera 
lucida drawing. Giemsa stain. 250. Reprinted with the permission of Dr. J. A. 
Ferguson. 
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DIFFERENTIAL DIAGNOSIS 


Similar clinical and hematologic manifestations may be present in 
conditions other than the syndromes which have been described. Con- 
genital syphilis may simulate any phase of erythroblastosis fetalis. 
Thus, several successive infants in one family may be affected. The 
death of the fetus in utero or the termination of life shortly after de- 
livery may occur. Edematous states in the fetus may be produced. 
Enormous inerease in the size of the liver and of the spleen, severe ic- 
terus, free bleeding, early anemia, and the presence in the circulation 
of large numbers of immature erythrocytes may result from syphilitic 
infection. The following ease is cited as illustrative: 


M. B., a white, female infant, was the first child of parents who claimed to be 
in good health. The baby was full term, having a weight of six (6) pounds, nine 
(9) ounees, and a length of twenty-one (21) inches. At birth, a moderate degree 
of icterus was present in the skin and sclerac. In addition to jaundice, pallor of 
the mucous membranes became apparent in the first week. Nine (9) days after 
birth, oozing of blood from the cord began, and continued despite two transfusions. 
At the age of fifteen (15) days, examination revealed a poorly nourished, acutely 
ill infant, with severe pallor and jaundice. Eecchymoses and petechiae were scat- 
tered over the skin. The heart was enlarged and a loud blowing systolic murmur 
was heard. The liver was greatly enlarged, and the spleen was palpable six (6) em. 
below the costal margin. There was bleeding from the umbilical cord. 

Blood Examination: The hemoglobin concentration was twenty (20) per cent; the 
red blood corpuscles numbered 1,140,000 per cu.mm. There were 156,000 nucleated 
cells per cu. mm. of which 66,000 were nucleated erythrocytes and 90,000 were leuco- 
eytes. Many leucocytes were immature. The blood platelets were reduced and the 
bleeding time was prolonged. The icterus index was 150, and the van den Bergh 
reaction direct and indirect. 

Roentgenograms of the long bones showed extensive osteochondritis, suggestive 
of syphilis. The Wassermann reactions on the patient’s blood and spinal fluid were 
negative, but the Wassermann, Kahn, and Hinton reactions on the mother’s blood 
were positive. Specific treatment produced little change and death occurred at the 
age of twenty-eight (28) days. Necropsy examination showed extensive changes 
typical of congenital syphilis and the Treponema pallidum was demonstrated in the 


tissues. 


Lahm" (1914) has reported a similar instance of an infant born 
with severe edema, with an edematous placenta. There were spleno- 
megaly, hepatomegaly, and, at necropsy, hematopoiesis in these organs 
as well as in the kidneys. However, there were also found a luetie 


pneumonia, luetic pemphigus of the skin, and typical osteochondritis. 


In all cases presenting the signs of erythroblastosis the possibility of 
syphilis should be excluded by serologic tests, by roentgenogram of the 
long bones, and in the fatal cases, by search of the tissues for Treponema 
pallidum. 

Although antenatal infection of the fetus is rare, it does occur. When 
present, the infant at birth may show severe icterus, anemia and nu- 
cleated erythrocytes in the peripheral blood. Adelheim'**® (1926) re- 
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ported the ease of an infant born with severe jaundice, and some edema. 
At necropsy, evidences of an infection with which the mother had suf- 


fered late in pregnaney were demonstrated in the tissues of the infant. 
Other instaneces’** '° of possible antenatal infection have been re- 
ported. 

Infection acquired at birth, or within the first few days of life, must 
always be considered in newborn infants with icterus gravis or anemia. 
It is well known that the blood at this period of life is affected most 
readily by sepsis and toxemia; the development of severe anemia, in- 
tense hemolytie ieterus, and many immature cells in the peripheral 
circulation is seen frequently. Other evidences of infection besides 
these signs of blood disturbance likewise are present, such as fever, 
diarrhea, vomiting, and localization of the process in the body struc- 
tures. Blood culture may be positive. The symptoms of infection in- 
variably precede the appearance of disturbances in the blood cells, 
whereas in the erythroblastosis group of diseases, all the signs of a se- 
vere dysfunction of the blood-forming organs may appear, with the 
child apparently otherwise in good health and nutrition. 

Beeause of the frequent occurrence of terminal infections in associ- 
ation with the severe forms of jaundice, many creditable observers have 
concluded that icterus gravis neonatorum always is due to an infectious 
or a septic process. Such theories have been propounded by Knépfel- 
macher,"® by Thorling,”* by Beneke,™ by Eseh,™ by Pfaltzer,*> and by 
others. 

In the twelve (12) cases of ieterus gravis neonatorum reported by 
Dunham"? (1930), positive blood cultures were uniformly obtained. 
The changes resulting from the organisms or their products so found 
were interpreted as being the cause of the severe icterus and the other 
associated findings. The possibility that some of these cases originally 
may have been instances of erythroblastosis fetalis is supported by the 
mention of a familial incidence of grave icterus neonatorum in two (2) 
cases, and of unusual numbers of nucleated erythrocytes in two (2) 
other cases. It is interesting to note that in the series of cases which 
we studied, blood cultures taken during life were uniformly sterile. 
In one infant a Staphylococcus albus was grown from the heart’s blood, 
taken two (2) hours after death. Two (2) patients showed histologic 
signs of recent bronchopneumonia at necropsy. In the series of eight 
(8) eases studied at the Boston Lying-in Hospital, the Bacillus coli com- 
munis was grown from the blood of one patient, twenty-four (24) hours 
before death. 

The differentiation between infection causing disturbances in blood 
function and primary erythroblastosis with secondary or terminal in- 


fection may be exceedingly difficult. 
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A. Erythroblastosis. Liver. Hemosiderin pigment in liver cells. 


B. Kidney. Hemosiderin pigment in epithelium of tubules. Camera lucida drawing. 
The ammonium sulphide and ferricyanide of potassium stain for iron of Mallory. 
<x 700. 
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Hemorrhagic disease of the newborn usually occurs between the third 
and sixth days of life. As a rule, severe icterus, splenomegaly, and 
hepatomegaly are not present. The blood examination shows no great 
change in the character of the cells. The blood platelets are very seldom 
reduced. The anemia is dependent directly upon the volume of blood 
lost. In contrast to this, when hemorrhage occurs in association with 
erythroblastosis fetalis, pallor of the mucous membranes and jaundice 
have usually been present previously; the physical examination reveals 
an enlargement of the liver and the spleen; the blood shows nucleated 


erythrocytes in large numbers; the blood platelets are often reduced; 


the degree of anemia is out of proportion to that which results from the 
loss of blood in hemorrhagie disease. A familial incidence is not char- 
acteristic of spontaneous bleeding in the newborn. Erythroblastosis 
fetalis should be considered always when there oecurs a history of a 
familial incidence of bleeding in newborn infants. 

Congenital malformations and newgrowths may result in symptoms 
which are difficult to distinguish from those produced by erythro- 
blastosis. As causes of fetal edema, there have been found: neoplasms 
(Meyer,?*? 1924; Weiner,'** 1928; Esch,’** 1928); malformations in the 
circulation, as, for example, absent thoracic duct (Tew,'®® 1925); and 
numerous examples of other anomalies mentioned by Ballantyne*® 
(1898) from his vast collection, by Riotte’® (1922), Nordmann’ 
(1926), Yagi®* (1927), and Yagi and Fujimori'®® (1929). Congen- 
ital malformation of the bile duets must be ruled out in a consideration 
of cases of severe and prolonged icterus. But usually such malforma- 
tions are associated with acholie stools, an icterus increasing in se- 
verity after the first week, but without edema, anemia, or evidence of 
erythroblasts in the circulation. 

Congenital malformation of the heart may present at birth signs of 
edema, enlargement of the liver, of the spleen, and particularly of the 
heart. Such were the cases reported and verified at postmortem exam- 
ination by Dick'’®’ (1925) and by Lahm" (1928). Since these signs 
are likewise present in erythroblastosis, difficulty in diagnosis may re- 
sult. Especially is this true when anoxemia as evidenced by cyanosis 
and dyspnea is present, and when large numbers of young erythro- 
cytes, often nucleated forms, occur in the peripheral blood. The ab- 
sence of a familial incidence, of anemia, and of ieterus, may be of some 
help in differentiation. 

Other primary blood disturbances, such as leucemia, aplastic anemia, 
and familial hemolytic jaundice, may be recognized, though rarely, in 
the neonatal period. Cases of leucemia in the newborn have been re- 
ported, but in such instances the question is raised as to whether they 
may not have been instances of erythroblastosis, the very immature 
erythrocytes being mistaken for very immature or atypical white blood 





282 THE JOURNAL OF PEDIATRICS 


cells. Recently Perez and Jakob’ (1927 


example of edema of the fetus and placenta in which it is claimed all 


and 1928) reported a typical 


the organs showed infiltration with myeloid foci, and the blood showed 
no anemia but many very immature leucocytes. We have seen an in- 
fant presenting enlarged liver and spleen, numerous petechial hemor- 
rhages, and moderate lymph node adenopathy shortly after birth. At 


> 


necropsy, a malignant lymphoma or ‘‘aleucemie leucemia’’ was found. 
Rare eases of primary aplastic anemia may be mistaken for anemia of 
the newborn. 

The presence of toxins and hemolytic substances either derived from 
the mother, from the placenta, or from the child’s own body, have 
frequently been offered as an explanation for anemia and severe icterus. 
They must be taken into consideration in the differential diagnosis. 

The icterus neonatorum which may be considered as ‘‘ physiologic,’’ is 
usually mild in-degree and of short duration, becoming visible about 
the third day of life and persisting until about the seventh day. How- 
ever, this type of jaundice has been known in rare instances to appear 
on the first or second day and continue for two weeks. In contrast, the 
ieterus associated with erythroblastosis is usually apparent at birth, or 
on the first or second day, rapidly becoming more intense, and it may 
persist for two (2), to three (3), or more weeks. More important in 
the differential diagnosis from physiologic icterus neonatorum is the 
associated finding of splenomegaly and hepatomegaly, pallor and ane- 
mia, and large numbers of nucleated erythrocytes. Although the value 
of the van den Bergh test for bilirubin in distinguishing physiologic 
icterus neonatorum from icterus gravis is still under discussion, it has 
been shown that the blood serum in physiologic icterus gives an indirect 
reaction, whereas as reported by others and as noted by Snelling’ 
in two (2) instances, the blood serum of patients with erythroblastosis 
fetalis gives a biphasie reaction. 

The number of nucleated erythrocytes in the peripheral cireulation 
of the newborn which are present under normal conditions is likewise 
somewhat of a controversial subject. It has been generally accepted 
that at birth there may be between five (5) and ten (10) nucleated 
erythrocytes per hundred (100) leucocytes in absolute numbers be- 
tween 1,000 and 2,000 per cu.mm. Lippmann'* placed the average at 
about four (4) per hundred (100) leucocytes, although he presented 
an exceptional case which had thirty-seven (37) per hundred (100) 
leueoeytes, an absolute number of about 5,000 per cu. mm. Forkner’® 
in his study of the living blood cells in the newborn found nucleated 
erythrocytes present in 38.5 per cent of a small series of infants on the 
first day. He quoted Elder’s and Hutehinson’s finding of five (5) 
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to twelve (12) erythroblasts per hundred (100) leucocytes at birth. 
These figures may be somewhat higher in the case of the prematurely 
born infant. 

In contrast, the peripheral blood in erythroblastosis fetalis generally 
shows at birth 50,000 or more nucleated red blood cells per cu.mm. <A 
more important point of differentiation is the fact that the nucleated 
erythrocytes of the normal newborn infant disappear rapidly from the 


peripheral circulation and are generally absent by the second or third 


day. Whereas in erythroblastosis fetalis, these abnormal cells per- 
sist in large numbers in the blood stream for several days or even two 
(2) weeks or more. Although the persistence of nucleated erythrocytes 
is very suggestive of this disturbance, the diagnosis should be made only 
when other distinctive signs are present and other causes have been 
excluded. 


COMMENT 


Although the twenty (20) cases studied have been divided into three 
(3) separate syndromes, a critical analysis suggests that they are closely 
related. Comments to be made will show the relationship between 
universal edema of the fetus and icterus gravis neonatorum, and be- 
tween icterus gravis neonatorum and anemia of the newborn, thereby 
closely linking the three (3) conditions. 

As regards universal edema of the fetus and icterus gravis neona- 
torum: (1) a familial incidence is common to both. In one of the 
eases of universal edema of the fetus, the history of a previous preg- 
naney resulting in the birth of an infant with icterus gravis neonatorum 
was obtained; (2) instances have occurred in each syndrome of enlarge- 
ment of the placenta and the infant being covered at birth with golden- 
yellow vernix caseosa; (3) enlargement of the liver and of the spleen, 
and a relatively severe anemia with large numbers of circulating nucle- 
ated erythrocytes have been observed in each syndrome; (4) there 
was very little difference histologically between the tissues; equally 
large areas of hematopoiesis occurred in the liver, spleen, kidneys, 
adrenals, and other organs; (5) the microscopic changes in the pla- 
centa differed only in the degree of involvement. There were large 
numbers of circulating erythroblasts in each condition, but areas of 
erythroblastic proliferation in the cireulation were found only in the 
placentas from cases of universal edema of the fetus. 

These observations confirm the relationship between these symptom- 
complexes which previously has been pointed out in the literature. 
Sehridde** (1910) described extensive extramedullary hematopoiesis, 
mainly erythroblastic in type, in the liver and the spleen and other 
organs in universal edema of the fetus. Similar observations have been 
made by other writers. Buchan and Comrie (1909) presented evi- 
dence that in icterus gravis neonatorum also, there was extensive hemato- 
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poiesis in the liver and the spleen, and other organs. In both these 


disease processes, it beeame apparent that certain clinical symptoms and 
hematologic signs were similar. That is, in each there oceurred hepato- 
megaly, splenomegaly, anemia, and large numbers of erythroblasts in 
the peripheral blood. 

The accumulated evidence from the eases in this series and from the 
references in the literature, seems to demonstrate the close relationship 
of universal edema of the fetus and ieterus gravis neonatorum, and their 
association with and probable dependence upon an abnormal erythro- 
blastie activity. As a final link it remained to find the occurrence of 
each condition in the same family. This was present in one ease, 
recorded by us, and has been found by de Groot®® (1927) and de Raad*™ 
(1929). Hubbard'®® (1913) also has reperted (in part) a most un- 
usual series of cases in one family. These cases have been reviewed 
completely by Minot.'®® There were eight (8) pregnancies, detailed as 
follows: (1) ftill-term normal child, living and well; (2) abortion at 
three (3) months; (3) full-term child, born with jaundice, developed 
icterus gravis neonatorum, and died at the age of twenty (20) days of 
anemia (reported by Morse,'*® 1910); (4) full-term infant, with uni- 
versal edema of the fetus; (5) slightly premature infant with universal 
edema of the fetus; (6) abortion at three (3) months; (7) premature 
infant with universal edema of the fetus; (8) premature infant with 
universal edema of the fetus. In the infant with icterus gravis neona- 
torum as well as in those with universal edema of the fetus, there was 
great enlargement of the liver and the spleen. Unusual hematopoietic 
activity was present in the histologic sections of these organs. In the 
last infant (eighth pregnaney) the peripheral blood showed large num- 
bers of ‘‘blasts.’’ 

Since the submission of this paper for publication, an article by C. 
de Lange has appeared in Acta Pediatrica, 18: 292, June 6, 1932, en- 
titled ‘‘Ieterus familiaris gravior und Hydrops foetalis cum Erythro- 
leukoblastosis.’’ The author offers further proof of the close rela- 
tionship of these two symptom-complexes by citing the histories of 
three families in which pregnancies resulted in children suffering 
from each type of disturbance. In the first family, two children died 
with hydrops fetalis and one with icterus gravis. In the second fam- 
ily, two children died with severe icterus; following these, twins 
were born, one of whom had icterus gravis, the other hydrops fetalis. 
In the third family, there were twelve pregnancies, two resulting in 
children with severe icterus, and two in edematous infants, one of 
whom was proved to have erythroblastosis at necropsy. 

It would appear then that these symptom-complexes should be con- 
sidered as clinical manifestations due to the same underlying distur- 
banee of the hematopoietic system, the only important distinction being 
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that edema is the outstanding symptom in universal edema of the fetus, 
while in icterus gravis neonatorum, icterus is the most striking present- 
ing sign. 

Our attention was first directed to the possible relationship between 
icterus gravis neonatorum with erythroblastosis and anemia of the 
newborn by Case 8 in this series. This infant was the last-born of 
eight (8) pregnancies. The three (3) pregnancies preceding the birth 
of this patient had resulted in the birth of children all of whom had 
shown unusual pallor early in life. Two (2) of these infants were ob- 
served by us (Cases 6 and 7) and presented the typical characteristies 
of anemia of the newborn. The last-born child (Case 8) was seen nine 
and a half hours (914) hours after birth, and at that time exhibited 
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Fig. 4.—Graph of hematologic data in Case 8, illustrating the transition from icterus 
gravis neonatorum to anemia of the newborn. 








pallor of the mucous membranes, intense icterus, petechial hemorrhages, 
and enlargement of the spleen and the liver. The red blood cells num- 
bered 1,790,000 per cu. mm., of which 61,000 were nucleated forms. The 
hemoglobin was 48 per cent. Edema of the eyelids and the extremities 
was noted on the third day. These features suggested the diagnosis of 
iecterus gravis neonatorum with erythroblastosis. Following several! 
transfusions, the icterus and the edema disappeared, the liver and the 
spleen diminished in size, so that at the age of eighteen (18) days, this 
patient presented a slight anemia, and the liver and the spleen were 
barely palpable. At this time, she presented clinical and hematologic 
characteristics identical with those of her brother and sister at the same 
age of life (seventeen days), in other words diagnostie criteria of anemia 
of the newborn. (See Fig. 4.) 
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A similar sequence of events was present in one of the patients 
studied at the Boston Lying-in Hospital. Here, too, an infant observed 
from shortly after birth presented all the classical findings of icterus 
gravis neonatorum. Between two (2) and three (3) weeks after birth, 
after the icterus has subsided, the hematologie characteristics were com- 
patible with the diagnosis of anemia of the newborn. Case 5 of this 
series may be taken as another illustration of this relationship. When 
seen on the fifteenth day of life, ieterus, a severe anemia, and a pal- 
pable spleen were present. Examination of the blood showed the char- 
acteristics regarded generally as typical of this form of anemia. 

The literature also lends support to the idea of the relationship of 
anemia of the newborn to the other disturbances of the hematopoietic 
system herein described. Buchan and Comrie*t (1909) described four 
(4) eases of icterus gravis neonatorum. One infant survived. In this 
patient, changes occurred in the same sequence as in the cases observed 
by us; ie., at the onset, severe icterus with splenomegaly and anemia, 
but with the persistence of anemia following the disappearance of ic- 
terus. Subsequently, two pregnancies resulted in children who died 
with icterus gravis neonatorum. Abnormal erythroblastie activity was 
found at necropsy. 

Of the eases more recently reported and accepted as anemia of the 
newborn, a familial incidence was present in one (Ecklin'**). Three (3) 
eases exhibited evidence of severe ieterus of the type described as ic- 
terus gravis (Ecklin,’** Gregory,’*? Susstrunk'”®). Four (4) cases have 
heen reported as showing unusual numbers of nucleated erythrocytes 
in the peripheral blood (Abt,’** Ecklin,’*? Gregory,’** and Schleuss- 
ing™*). Erythrophagocytosis in the peripheral blood, which had been 
observed in infants with icterus gravis neonatorum by Buchan and 
Comrie™ and Oatway' was also found in a patient having anemia of 
the newborn (Abt,’™* 1931). . 

As final evidence, in two (2) of the acceptable cases of anemia of the 
newborn reported in the literature (Susstrunk,’”? Schleussing™*), nee- 
ropsy examination showed abnormal amounis of hematopoietic activity 
in the extramedullary tissue, similar to that seen in erythroblastosis 
fetalis. The accumulation of this evidence both in the cases observed 
by us and in those reported in the literature give strong support to 
the association of anemia of the newborn with icterus gravis neonatorum, 
and the dependency of anemia of the newborn upon the same underlying 
process, erythroblastosis fetalis. 

If the data presented above may be accepted as showing the rela- 
tionship between the entities with different clinical manifestations, it 
becomes interesting to speculate as to the possible pathogenesis of these 
conditions, and to deseribe the probable position of each one in the de- 
velopment of the disease pieture. With regard to the pathogenesis, we 
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are cognizant of the fact that further studies are required before it is 
possible to state with any degree of accuracy the underlying cause which 
initiates the morbid processes in the hematopoietic system. However, 
it is possible to present certain interesting theoretical aspeets which 
bear on this question. 

The disease appears to be a disturbance of the metabolism of the 
hematopoietic system resulting first, in either a failure of maturation 
of erythrocytes or in an overgrowth of immature forms of erythrocytes; 
second, in the delivery of immature nucleated erythrocytes in large 
numbers to the peripheral cireulation; and third, in the inereased de- 
struction of erythrocytes, including the nucleated forms. 

The large areas of extramedullary hematopoiesis may be a com- 
pensatory effort to replace the destroyed cells. But it seems vastly 
more probable that they are the direct‘ result of the primary metabolic 
disturbance causing the overgrowth of immature erythrocytes. For, 
the time at which the greatest amount of hematopoiesis is found (in 
universal edema of the fetus) does not correspond with that at which 
evidence of greatest hemolysis is present (in icterus gravis neonatorum). 
And so great a compensatory effort in response to blood destruction 
should ordinarily require many days for its appearance. Likewise, 
other types of disturbances in which one sees extramedullary hemato- 
poiesis are not the hemolytic types of anemia but rather the types as- 
sociated with disturbances in production of erythrocytes. 

The other signs of the disease-complex may all be related to the 
dysfunction of erythrocyte production. The icterus is first of a hem- 
olytie type, the result of the destruction of red blood cells. The con- 
tinuation of this process may so overburden the liver cells of the young 
organism that functional insufficiency may occur and a greater degree 
of icterus result. Or, another possibility, which may operate inde- 
pendently or in conjunction with the increased hemolysis and possible 
hepatic insufficiency is that the overcrowding of the liver with hemato- 


poietic foci causes pressure atrophy of liver cells, and general inter- 
ference with liver function sufficient to cause an obstructive as well as 
hemolytic form of jaundice. It has been suggested that the staining of 
the nuclei in the brain oecurs only in the presence of severe icterus as 
well as liver damage. Since both of these seem to be present in the 
severe erythroblastosis of the type that leads to icterus gravis neona- 
torum, it is not surprising that ‘‘kernicterus’’ with its resulting con- 


vulsions, respiratory difficulties and sequelae in later life may occur. 
Anemia, which is sc commonly severe in eases of erythroblastosis and 
its related clinical conditions, may result from either failure of de- 
velopment and delivery to the circulation of normal erythrocytes, or 
from rapid destruction of cells, or most probably from a combination of 


these factors. 
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Edema and dropsy likewise may be due to several possible causes 
acting either singly or in combination. The severe anemia may cause 
so high a degree of anoxemia as to damage the cells of the capillaries 
and result in loss of fluid from the cireulation. The same damage from 
anoxemia may result in part from the lowered oxygen-carrying power, 
as has been shown, of the immature nucleated cells which abound in the 
blood of these patients. Associated with the anemia there may occur 
a protein diserepaney from altered liver function, or a change from 
the normal albumin-globulin ratio, such as has been shown to account for 
edema in other forms of severe anemia (Keefer'). Another possible 
cause for the edema may be related to decompensation of the hyper- 
trophied heart which is so frequently present in such cases. 

The hemosiderosis, so extensive in the liver, and present in other 
organs; viz., spleen, epithelial cells of kidney tubules, of thyroid gland, 


of panereas, of gastrointestinal mucosa, may best be explained by the 


increase in amount of cireulating ‘‘break-down’’ products of the eryth- 
roeytes, or by a disturbance in the metabolism of iron pigment. 

The bleeding tendency, as evidenced by petechiae, eechymoses and 
vross hemorrhage, is more difficult to explain. One theoretical possi- 
bility is that an inerease in phagocytosis of erythrocytes by the reticulo- 
endothelial cells also causes increased destruction of the blood platelets, 
which, when they are sufficiently decreased, allows free bleeding. An- 
other is that hypertrophy and hyperplasia of erythroblastic tissue in 
the bone-marrow may crowd out the megakaryocytes which produce 
blood platelets, just as in leucemia, overgrowth of leucocytie cells is 
said to produce megakaryocyte destruction and lowered blood plate- 
lets. The combination of lowered platelet level with destruction of 
liver substance and severe jaundice increases the tendency to hemor- 
orl hi eC. 

It is likewise interesting to describe the probable position of each of 
the clinieal entities dependent on erythroblastosis fetalis. In universal 
edema of the fetus (or erythroblastosis with edema), the disease reaches 
its greatest severity in utero and generally results in the birth of a 
stillborn dropsical fetus. The early evidence of this severe fetal dis- 
ease may be manifest in the development of an hydramnios and the de- 
livery of a premature, edematous infant in the sixth, seventh, or 
eighth month of gestation. In less extensive involvement, gestation may 
continue to term. At delivery the vernix ecaseosa and the amniotic 
fluid are often of a deep yellow color. The placenta may show extensive 
edema and enlargement, together with the presence of erythroblastic 
infiltration and proliferation. The infant, usually stillborn or dying 
shortly after birth, presents a universal edematous state, with pallor 
of the skin and tissues. Ieterus, not always visible on the body surface, 
is evidenced by yellow discoloration of the tissues and edema fluid. 
Large amounts of fluid are found in the body eavities. The organs are 
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likewise edematous. The blood when examined before or shortly after 
death shows a severe anemia and large numbers of circulating nucleated 
erythrocytes. The enlarged heart, the large liver and spleen, and the 
frequent petechial hemorrhages in many tissues, are the gross pathologic 
changes observable. Microscopically, the extensive extramedullary 
hematopoiesis in the liver, spleen, kidneys, adrenals, pancreas, thyroid, 
thymus, and lymph nodes is characteristic of the disturbance. Hemo- 
siderosis in many of these organs is sometimes extensive. In such in- 
stances, a slight degree of fibrosis may be present in the liver and the 
spleen. 

Icterus gravis neonatorum may be associated also with the same 
changes in the piacenta and a similar yellow-colored vernix caseosa. 
The observation of these two features by the obstetrician at delivery, 
as pointed out by Clifford and Hertig,* should lead to the early diag- 
nosis of the blood disturbance and with the institution of prompt treat- 
ment result in lowering the high mortality. At birth, icterus and 
pallor are both usually visible in the infant’s skin. The jaundice rap- 
idly becomes more severe and so may mask the pallor. The remark- 
able degree of anemia invariably present may be first noted only after 
the jaundice disappears. The blood at birth shows an anemia and 
numerous nucleated erythrocytes, in many reported cases three times 
as many as the number of leucocytes. A high icterus index and in- 
ereased bilirubin in the blood giving the biphasic van den Bergh re- 
action are present. The spleen and the liver are enlarged and may 
increase in size with the increase in intensity of icterus and in se- 
verity of anemia. Petechial hemorrhages and prolonged bleeding are 
not uncommon. Likewise edema of the face and extremities may occur 
within the first two to three days. A fatal termination is frequent in 
the first forty-eight (48) hours, but the longer life is maintained by 
appropriate treatment, the less high the mortality. At necropsy there 
are small amounts of fluid in the body cavities, and very intense yellow 
discoloration of all tissues. Otherwise the pathologie changes are iden- 
tical with those described above for universal edema ef the fetus. 

It is during the first forty-eight (48) hours after birth that treat- 
ment may be most effective toward saving the life of the infant. Sueh 
treatment logically suggests the use of frequent small infusions of blood 
intravenously, which may serve to replace the functionally imperfect 
nucleated erythrocytes, allow better oxygenation of tissues, and control 
the bleeding tendeney which is so frequently present. 

Turning now to anemia of the newborn, if the infant survives the 
first two weeks of extrauterine life, icterus tends to disappear, leav- 
ing the severe pallor more readily apparent. The liver and the spleen 


may deerease in size rapidly. The heart which is so frequently en- 


See footnote page 272 
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larged in the first two weeks, gradually returns to normal size and the 
murmurs disappear. Examination of the blood shows, at this time, a 
severe anemia, with fewer nucleated erythrocytes and other immature 
cells. The eolor index is usually above one. There may be moderate 
aniso- and poikilocytosis. The fragility of the erythrocytes in hypotonic 
saline solutions, which oceasionally is inereased in the icterus gravis 
stage, is now usually normal. Death from anemia may ensue but fatal 
termination is not the rule. During the fourth and fifth weeks of life, 
the anemia may continue to be more severe, and the decreasing num- 


bers of young erythrocytes show very little evidence of a regenerative 
response of the bone-marrow. After the sixth week, there occurs a 
slow return to normal numbers of young erythrocytes; changes indicat- 
ing blood destruction are not found. Finally the levels of hemoglebin 
and red blood cells slowly rise toward the normal. At this time, the 
spleen and liver may be no longer palpable. The blood picture has 


usually returned to normal by about the fourth month, especially if 
measures designed to stimulate the production of young erythrocytes 
and hemoglobin have been instituted. Such treatment as the addition 
to the diet of liver and of iron in adequate dosage serves this purpose 
best. 

If the underlying disturbance in blood function is relatively mild 
during fetal life, the infant may eseape the more severe manifestations 
of the disease process; i.e., universal edema of the fetus and icterus gravis 
neonatorum. In such instances, pallor, present shortly after birth, may 
be the only symptom of an abnormal state of hematopoiesis. The char- 
acteristics of anemia of the newborn may be found earlier than is 
usual and the condition may mend of its own accord in a short space of 
time. 

In the above deseription, each symptom-complex is portrayed as a 
part of a sequence, dependent on the severity and duration of the dis- 
ease process. Not only is such a sequence developed from an analysis 
of each entity but it is supported by the occurrence of numerous inter- 
mediate types of cases which develop symptoms pertaining to more than 
one entity. Evidence is presented suggesting that these symptom-com- 
plexes can be explained on the basis of a single underlying pathologic 
process. As has been mentioned by other writers the terminology more 
deseriptive of this pathologie state and in accord with common usage 
would be: Universal edema of the fetus with erythroblastosis, ieterus 
gravis neonatorum with erythroblastosis, and anemia of the newborn 
with erythroblastosis. 

SUMMARY 
A review of the literature is given relating to universal edema of the 


fetus, ieterus gravis neonatorum, erythroblastosis fetalis, and anemia of 
the newborn. 
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Twenty cases of these conditions are reported. 

The conclusions reached are (a) that universal edema of the fetus, 
familial icterus gravis neonatorum, and anemia of the newborn are 
closely related; (b) that they are dependent on the same underlying 
pathologie process; and (c) that the conception of a certain sequence 
of events leading to the development of each symptom-complex is justi- 
fied. 

CASE REPORTS 


The ease reports which follow have been so condensed as to include 
only the data which have a pertinent bearing upon the subject under 
consideration. The Wassermann reaction was negative in each of the 
twelve (12) patients here recorded and in the parents whose blood was 
so tested. Roentgenograms of the long bones revealed no evidences of 
syphilis, erythroblastic anemia, or other pathologie processes. Cultures 
of the blood taken during life were sterile in all instances. In so far 
as it was possible to ascertain, the dietary habits of the mothers be- 
fore and during pregnancy have been within the range of normal for 
people living in this locality. There have been no instances of anemia, 
nephritis, or toxemia of pregnancy elicited in the past history of the 
mothers. A racial peculiarity or incidence has not been discovered. 


Case 1—J. D. Diagnosis: Anemia of Newborn. Male; aged seventeen days; 
history of familial incidence negative; pallor and jaundice noted from first day of 
life; liver and spleen enlarged; severe anemia; four transfusions; recovery. 


The mother had had two pregnancies before the birth of the patient. Both 
children were normal and are now living and well. Following the birth of the pa- 
tient, another infant was born, who showed no abnormalities and is in good health. 
The patient (the third-born) was a full-term, normally delivered male infant, weigh- 
ing 7 pounds, 9 ounces. He was noticed to be ‘‘pale’’ and jaundiced on the first 
day of life. On the fourth day, the icterus and pallor were so intense that 30 c.e. 
of the mother’s blood was injected intramuscularly. The patient vomited small to 
moderate amounts of every breast feeding. No evidence of free hemorrhage was 
present. At twelve days of age, pallor was still very noticeable. 

Admission examination, on the seventeenth day of life, revealed a very pale in- 
fant with slight icterus of the skin and sclerae. The liver was palpable 4 em. and 
the spleen 2 em. below the costal margin. There were no demonstrable petechiae and 
no edema. The temperature was not elevated. Vomiting was frequent for the first 
ten days, but then subsided, after which time there was a regular gain in weight. 
Transfusions of citrated whole blood* were given on the eighteenth, twentieth, 
twenty-eighth, and forty-second days of life; the indication for repetition was a 
fall in the levels of the erythrocytes and hemoglobin. After the last transfusion 
there was a slow but steady return of the blood counts to normal values. The liver 
and the spleen were not palpable at the end of two months. The child at the 


age of three years appeared normal for his age as to growth and development. 


The laboratory data are given in Table IT. 


*In the transfusions mentioned here, the blood in every instance was proved to be 
of the same iso-agglutinin group in the donor and in the recipient and cross-matching 
was performed. 
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TABLE II 
CASE 1. HEMATOLOGIC DATA 


PLATE . ' TOTAL | ABSOLUTE 
R.B.C. W.B.C. | NUCL. ee eRe 
HGB. LETS " RETICS. IMM. |NOS. IMM. 
AGE MIL , : THOL R.B.C. > 
% COLOR THOL , % R.B.C. R.B.C. 
IN LIONS SANDS % : co “ 
(NEW INDEX SANDS a TOTAL G THOU- 
DAYS PER . PER TOTAL , ese: ase 
U. MM COMER ) PER U. MM R.B.C R.B.C, rOTAL |SANDS PER 
{ ° . + MAL. -D.L. 2 
1U. MM. R.B.C. cU. MM. 


18 65 15 li 430.0 16.15 0.2 . 19.0 123.5 


200.0 9: 0: 3.3 370.0 
110.0 ; 0.: 38 13.2 269.0 


140.0 7.5% 0. 9. 9. 315.0 
150.0 ! 0.2 i. 2 221. 
180.0 . 0 8. . 237. 
110.0 0) 3.6 3.6 168. 
290.0 ;. 0 
‘ransf 
29 3.48 6 210.0 7 0 3. 3. 105.0 
7 360.0 9. 0 8 8 17.0 
2 0 3. 3. 95.0 
86 0 L A 19.0 
95 0 5. . 126.0 
91 550.0 0 J 8 22.0 
92 280.0 5.0: 0 2. 2.6 81.0 
90 480.0 2.8: 0 2 ; 24.0 
.78 140.0 A 0 ai) . 81.5 
67 240.0 3.7: 0 8 , 64.0 
, 1 260.0 5S: 0 1.4 : 90.0 
310 : Q: 76 350.0 f 0 0.4 0.6 37.0 
Other laboratory data: Age 18 days; bleeding time 2 minutes; clotting time 4 
minutes. Ieterus index 18. Fragility of R.B.C. in saline solutions: hem 
olysis starts 0.44%, complete 0.34%. Blood cultures negative. Blood Wasser- 
mann reaction negative. Tuberculin test 1/1000 negative. Age 21 days: 
Ieterus index 8. 


Case 2.--H. CC. Diagnosis: Anemia of Newborn. Male; aged eighteen days; 
history of familial incidence negative; intense icterus from second day of life; 
pallor apparent on thirteenth day; enlarged liver and spleen; cardiac enlargement ; 
severe anemia; one transfusion; recovery. 

The mother had had one previous pregnancy resulting in a normal child. The 
patient was a full-term, normally delivered, male infant, weighing 10.5 pounds. 
There was no pallor or icterus at birth. On the second day, jaundice was visible. 
It inereased rapidly so that by the fifth day there was an intense yellow dis- 
coloration of the skin. On the thirteenth day of life, the patient appeared weak, 
On the fourteenth day ‘‘pallor’’ became easily 


’ 


listless, and somewhat ‘‘ pale.’ 
apparent and increased in intensity. Vomiting was a troublesome symptom. 
Admission examination on the eighteenth day showed a well-developed and 
nourished infant, listless, slightly icteric, and very pale. There was a subcon- 
junctival hemorrhage in the left eye. The heart seemed slightly enlarged and a 
soft blowing systolic murmur was present. The spleen and liver were enlarged to 
t em. below the costal margin. On the twentieth day, 100 ¢.c. of citrated whole 
blood was given intravenously. This was followed by a febrile reaction, a mod 
erate increase in ieterus and an inerease in the size of the spleen. After the trans- 
fusion a gradual rise in the levels of erythrocytes and hemoglobin occurred and there 


was a gain in weight. The icterus entirely cleared before discharge on the thirty- 


ninth day of life. At the age of two months, the spleen was no longer palpable 
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At seven months the blood counts were normal, the color good, and the child well 
developed for his age. At this time there was no cardiac murmur; roentgeno 
grams, which had shown a slight cardiac enlargement on first admission, now re 
vealed none. At four years, the patient was normal in every respect. The labora 
tory data in this case are given in Table ITI. 


TABLE III 


HEMATOLOGIC DATA 


>LATE- TOTAL |ABSOLUTE 
R.B.C. : W.B.C. Nuch. | * = 


R.B.C, 


IMM. |NOS. IMM. 
THOL NOS. IM 
¢ COLOR | THOU Z 


— R.B.C. | R.B.C 
LIONS a, SANDS % poe cone 
(NEW INDEX | SANDS TOTAL Ps Y THOU- 
—_ COMER ) PER — R.B.C ee roral ANDS PEI 
). b "EF ..B.C, TOT s |SA?} S PER 
CU. MM. B 1U.MM.| ~ R.B.C. 
cu. MM. R.B.C. | CU. MM. 


19 90 18 1.0 300.0 20.0 Rare 20.0 180.0 
20 85 18 1.06 250.0 3. 16.6 0.1 19.0 161.5 
Transf. | 

22 CO 2! 23 0.92 9. 22.8 0.2 25.0 31 
1.04 22. 32.1 0.3 35.0 3 
1.05 . 9. 31.2 0.1 31.6 58 

37 2.3 ; 1.02 14. 32 

48 8 0.71 5. 2 

62 : f 1.80 9 * Ss. 


HGB. LETS RETICS. 
y Ct 


) 
263.2 
240.0 
124.8 
83 4.5 0.72 12. 146.2 


76 3.$ 5$ 0.76 280.0 9, : 
> 
110 5.15 87 0.84 "80.0 & 1.0 0 6 89.1 
‘ 


-to> & -~I 1 


140 oD. 88 0.81 270.0 10.7 0.8 0 : 90, 


Other laboratory data: Age 19 days: Blood culture negative. Fragility of R.B.C. 
in saline solutions: starts 0.46%, complete 0.34% (normal values). Bleeding 
time 3 minutes; clotting time 3 minutes (normal values). Blood Wassermann 
reaction negative. Tuberculin test 1/1000 negative. Urobilinogen in urine 
normal. Bile in stools normal. TIcterus index 25. Age 20 days: Repeat 
fragility test: starts 0.48%, complete 0.34%. Icterus index 20. Blood eul 
ture negative. 


Case 3.—H. L. Diagnosis: Anemia of Newborn. Male; aged ten days; history 
of familial incidence negative; jaundice on the second day; pallor noticed on the 
ninth day; enlarged liver and spleen; enlarged heart, severe anemia; two trans 
fusions; recovery. 

There had been one previous pregnancy resulting in a normal child. The pa 


tient was a full-term, normally delivered infant, having a birth weight of 7 pounds. 
Ieterus occurred on the second day and gradually increased in severity for four 
days. On the ninth day the parents noticed for the first time extreme pallor of 
the skin, not associated with any evidence of free bleeding. 

Admission examination on the tenth day of life revealed a mod rately icteric, 
drowsy infant with severe pallor of the skin and mucous membranes. There were 
no petechiae or ecchymoses. A soft systolic murmur was heard over the entire 
precordium. The liver was palpable 2.5 em., the spleen 2 em., below the costal 
margin. No edema was evident. A transfusion of citrated blood was performed 
on the tenth day of life, and because of the continuation of a slightly prolonged 
bleeding time, present on admission, a second transfusion was given on the thirteenth 
day. Thereafter there was a slight improvement in the patient’s general condition. 
At the request of the parents, discharge from the hospital was permitted on the 
twenty-first day. Blood cultures were sterile. Roentgenograms showed a slight 
enlargement of the cardiac shadow and no abnormalities of the long bones. When 
seen at the age of eighteen months, the child appeared normal as regards growth 


and development. The laboratory data are given in Table IV. 
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TABLE IV 


Case 3. HEMATOLOGIC DATA 








l ATE- ABSOLUTE 
R.B.C. ? ——- w.z.c. | NUCL. NOS. IMM 
~ = : % cotor | THOU- pence a R.B.C. 
AONS | 
ys | per | (NEW-| INDEX| SANDS | ")» am THOU- 
DAYS | PER | cower) PER | ua SANDS PER 
cu. MM. > Me. cU. MM. 


|CU. MM. 
26.00 — 





10 0.90 | <20_— 
Transf. 
11 1.56 30 | . , _ _ _— 
13 0.90 15 | 0. ‘ 0.3 8.5 9.6 8.6 
Transf. 
15 1.48 25 | 0.83 2 1.5 28.6 32.4 479.5 
17 1.40 24 | 0.86 | 27: _— — — 
19 1.40 28 1.00 | 24. 12 | 82.0 | 37.3 522.0 
Other laboratory data: Age 10 days: Bleeding time 9 minutes; clotting time 5 
minutes. Fragility of R.B.C. in saline solutions: hemolysis starts 0.46%, com- 
plete 0.34%. Urobilin, normal amounts in urine and stools. Blood cultures 
(4) no growth. Tubereulin test 1/1000 negative. Blood Wassermann reac- 
tion negative. Age 17 days: Bleeding time 2 minutes; clotting time 3 min- 


utes. 























Case 4.—A. McC. Diagnosis: Anemia of Newborn. Female; aged fifteen days; 
history of familial incidence negative ; jaundice on first day; pallor evident on the 
twelfth day; enlargement of liver and spleen; severe anemia; three transfusions; 
recovery. 

A full-term infant, born by cesarean section, had no immediate postnatal 
disturbances. In the first two days a moderate degree of icterus was pres- 
ent and the baby was listless, but no anxiety concerning the baby arose until the 
twelfth day, when ‘‘pallor’’ of the skin became evident. There was no free bleed- 
ing, but the ‘‘pallor’’ became more severe. 

Admission examination, at the age of fifteen days, showed an exceedingly pale 
infant, only slightly jaundiced. There were no petechiae or ecchymoses. A soft 
systolic murmur was heard over the heart. The spleen and liver were each palpable 
4 em. below the costal margin. A transfusion of citrated blood was given on the 
seventeenth day of life, resulting in a slight improvement in the color of the skin. 
Because of failure of the level of the blood to show any spontaneous upward trend, 
another transfusion was performed on the fortieth day. Following this, erythro- 
eytes and hemoglobin returned to approximately normal values. A gain in body 
weight followed and she was discharged. At the age of two years, the patient was 
normal in every respect. The laboratory data are given in Table V. 


Case 5.—R. A. Diagnosis: Anemia of Newborn. Male; aged fifteen days; his- 
tory of familial incidence positive; jaundice on second day; pallor apparent on 
tenth day; enlarged liver and spleen; severe anemia; two transfusions; recovery. 


The mother’s first pregnancy resulted in the birth of an infant who became in- 
tensely jaundiced and died on the first day of life. The second infant was normal 
and in good health. The patient, the third-born, was a full-term, normally delivered 
male infant. He became moderately jaundiced on the second day of life. Jaundice 
gradually deepened and persisted throughout the second week. During this time, 
listlessness and failure to nurse were prominent symptoms. There was no evidence 
of bleeding, but on the tenth day, a distinct pallor of the mucous membranes was 
present as well as jaundice of the skin. On the fourteenth day, an examination of 
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the blood was reported to show severe anemia and prolonged bieeding time. To 
combat these, infusion of the blood was given in part intravenously and in part 
intramuscularly. 

Admission examination, at the age of fifteen days, showed a well-developed and 
nourished infant, with severe icterus of the skin, sclerae, and mucous membranes. 
Pallor was evident beneath this discoloration. The spleen was palpable 2 em., the 
liver edge 3 cm. below the costal margin. There was no edema or petechiae. 
Transfusion of citrated blood was performed on the fifteenth day of life. Because 
of the persistence of the icterus and listlessness and only moderate improvement 
in the anemia, a second transfusion was given on the nineteenth day. Thereafter, 
the icterus faded gradually and anemia became less prominent. When thirty-five 
days of age the infant was doing satisfactorily, except for the persistence of pallor. 
The liver and the spleen were not palpable. There was rapid improvement, and 
during the following two months the blood cells and hemoglobin reached about 
normal levels When observed at 18 months, the physical condition of the child 
appeared within normal limits for his age. Laboratory data are given in Table VI. 

Case 6-—-J. D. Diagnosis: Anemia of Newborn. Female; aged eighteen days; 
history of familial incidence positive; jaundice on second day; pallor noted on 
seventeenth day; liver and spleen slightly enlarged; severe anemia; one transfusion ; 
recovery. 

The family history, in this case, was of interest. The father and mother were 
in excellent health. The mother’s diet had been varied and adequate throughout 
the period of pregnancy. There was no knowledge of icterus, anemia, or sudden 
deaths of infants in the families of the brothers or sisters of either parent. The 
mother had not suffered with headaches or vomiting, nor had she had increased 
blood pressure, icterus, edema, or albuminuria during pregnancy. The first four 
pregnancies had resulted in normal full-term infants who had not shown icterus, 
edema, or anemia at birth or thereafter. The children were in good health at the 
ages of 7, 5, 4 and 3 years, respectively. The fifth pregnancy resulted in a female 
child who was noticed to be jaundiced shortly after birth. This increased some 
what and vomiting occurred with great frequency. When discharged from a 
maternity hospital at twelve days of age, the infant was noted by the parents to be 
extremely pale. This pallor increased until death occurred when 2 weeks old. 
Further observations concerning this child could not be obtained. Necropsy was 
net performed. 

The sixth pregnancy resulted in the birth of a full-term, normal, female infant 
(the patient, J. I).). On the second day of life, moderate icterus was present; this 
increased for three days and then started to fade. At thirteen days of age, the 
stools became very numerous, 8 to 10 daily, and of a greenish, watery character. 
At seventeen days, when the icterus had almost disappeared, the infant was noted 
to be extremely pale and exceedingly drowsy. The parents thought the ‘‘ waxy’ 
appearance was of sudden onset. There had been no hyperpyrexia, no vomiting, 
and no evidence of gross or occult bleeding. 

Admission examination, at eighteen days of age, showed a skin of a ‘‘waxy’’ 
yellow appearance, Drowsiness was extreme. There was a small subconjunctival 
hemorrhage in the left eye. Edema was not present. The mucous membranes were 
extremely pale and icteric. The heart was normal and the lungs were clear. The 
liver and spleen were just palpable. Transfusion of citrated whole blood, immedi- 
ately after entry, resulted in a moderate increase in the icterus, but a good response 


of the blood and improvement in the general condition of the patient. There was 


continued improvement in color and a gain in body weight. The patient has con- 


tinued in good health, being now three and one-half years old. Laboratory data 


are tabulated in Table VII. 
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Case 7.—J. D. Diagnosis: Anemia of Newborn. Male; aged seventeen days; 
history of familial incidence positive, brother of Case 6; pallor seven hours after 


birth; enlarged liver and spleen; severe anemia; four transfusions; recove ry. 


The seventh child in the same family as described in Case 6, was a 7-pound, 14- 
ounce boy, born by normal delivery. Seven hours after birth, although there was 
no evidence of free bleeding, the patient was noticed to be very pale. An intra- 
muscular injection of whole blood was given. The pallor continued, but became 
more intense on the seventh day of life. At this time, citrated whole blood was 
administered intravenously. After a temporary improvement in color, the pallor 
began to increase again. The patient was listless and apathetic. 

Admission examination, on the seventeenth day of life revealed a very pale, well- 
developed infant, whose skin, sclerae and mucous membranes had a slight icteric 
tint. There were no petechiae or eechymoses. A systolic murmur was heard over 
the precordium. The spleen was palpable 4 cem., the liver 2 em. below the costal 
margin. There was no edema. Transfusions of citrated whole blood, given on the 
eighteenth, nineteenth, and thirty-first days of life, were followed by gradual return 
of erythrocytes and hemoglobin to normal levels. At the age of seven weeks, the 
spleen and liver were not palpable. The child, at the age of two years, is a well 


grown, normal boy. Laboratory data are given in Table VIII. 


TABLE VIII 


CASE 7. HEMATOLOGIC DATA 


PLATE- mora, | ABSOLUTE 
Lave W.B.C. NUCL. | perics.| umm. |“°° Ue M. 
AGE covor | rHou- | THOU- | B-B.C. % | RB. R.B.C. 
IN . SANDS % | THOU- 
“ INDEX | SANDS | < TOTAL | POSEN 
DAYS peg | PER TOTAL | 2 Bo. | ’ SANDS 
CU. MM.| R.B.C. PER 
cU. MM. BC. | on wus, 
17 1.1 | 320.0 | 18,700) Rare | 15.2 2 | 199.3 
20 } 1.02 140.0 | 12.750 0 9.0 , 520.8 
22 0.96 100.0 | 8,850 —_ = 
24 3.3: 0.93 220.0 8,200 _— -= —_ 
27 2.8 1.05 340.0 11,150 0 ‘ 3. 105.8 
30 3. 0.95 250.0 | 14,950 0 8 1.2 33.2 
34 . 98 310.0 | 10,700 = : 
36 5.00 .74 200.0 | 10,300 ; 9. 140.0 
38 4.21 88 150.0 | 11,700 —_ 
49 3.66 89 150.0 7,750 | 
51 3.60 58 81 190.0 | 11,000 
56 3.95 68 86 290.0 9,750 
62 3.28 62 95 210.0 9,100 
76 3.82 61 80 300.0 | 9,350 
97 4.95 72 72 300.0 | 9,950 


155 5.29 74 70 450.0 | 12,750 | 


Other laboratory data: Age 17 days: Blood Wassermann reaction negative. Tuber 
culin test 1/1000 negative. Bleeding time normal; clotting time normal. Icterus 
index 15. Fragility of R.B.C. in saline solutions: hemolysis starts 0.46%, 
complete 0.28%. Age 20 days: Blood cultures negative. Urobilin in urine 
and stools normal. 


Case 8.—H. D. Diagnosis: Icterus Gravis Neonatorum. Female; aged nine 
and one-half hours; pallor and icterus five hours after birth; nwmerous petechiae ; 
severe icterus; enlarged heart; enlarged liver and spleen; severe anemia; large 
numbers of erythroblasts in peripheral blood; prolonged bleeding time; edema of 


face and extremities on third day; 6 transfusions; recovery. 
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The eighth pregnancy in the family of Cases 6 and 7, was uneventful until three 
At this time, the mother felt that fetal movements were very 


infrequent and weak, whereas activity had been ‘‘great’’ previously. She recalled 





days before term. 





that she had felt a sudden lack of fetal movements about three days before term 






in the preceding 3 pregnancies as distinguished from her first 4 gestations. The 


fetal heart sounds were said to be normal by her physician, however. At term, 







a 5-pound, 12-ounce female infant was delivered normally. She appeared some- 





No observations were made on the amount of char 





what limp but breathed well. 
fluid. The placenta was said to have been ‘‘large.’’ At 





acter of the amniotic 
there seemed to be definite pallor and slight icterus as well as the 
’ over the body of the infant. 





five hours of age, 





appearance of many fine ‘‘black and blue spots’ 





Admission examination, nine and one-half hours after birth, showed a small 


infant, with marked icterus of the skin, and sclerae, and pallor of the 
There were numerous petechiae over the face, 





lethargic 





mucous membranes and finger nails. 
The heart was somewhat enlarged to pereussion. A blow 
The spleen reached almost 
below the costal margin. 






body, and extremities. 





ing systolic murmur was present over the precordium. 





to the iliac crest, and the liver was palpable 4 em. 
Examination of the blood at this time showed a moderately severe anemia and very 
of citrated 






large numbers of nucleated erythrocytes. An immediate transfusion 
whole blood was followed by improvement in the blood counts, and a diminution 
The icterus, how- 






in the bleeding time. Petechial hemorrhages ceased to appear. 
ever, inereased in intensity. On the third day, the bleeding time was again pro 
At this time, too, there was definite edema of the eyelids, pitting edema 
Another transfusion was 






longed. 
of the lower extremities and slight edema of the hands. 
Beeause of the prolonged bleeding time and a 






given with apparent improvement. 
slight bloody discharge from the vagina and the persistent icterus and edema, two 
On the twelfth day, 






small transfusions were given on the sixth and seventh days. 
the umbilical cord oeeurred; it was controlled by another (5th) 





bleeding from 





transfusion. At this time, the edema had disappeared, the icterus was very faint, 
the eolor had improved, the liver was barely palpable, and the spleen reached 2 


Steady improvement continued until discharge 





to 4 em. below the costal margin. 
On the twentieth day, the patient emitted a whining, 





on the eighteenth day of life. 
shrill ery, and developed convulsive twitchings of the left arm and leg. 
of the left side, several 






Readmission examination revealed clonie convulsions 
fresh petechiae and a bloody discharge from the umbilicus. The spleen was pal- 


pable about 4 em. below the costal margin. The fontanelle seemed tense. Lumbar 






a yellow, cerebrospinal fluid, containing 1,200 erythrocytes and 





puncture yielded 
25 leucocytes. Transfision (6th) was given again. There were no further con- 


vulsive seizures or evidences of bleeding. Recovery was uneventful. At the age 
At three and one-half months, the 






of two months, the spleen was not palpable. 
patient was a normal appearing child and showed no delay in development or 
The laboratory data are tabulated in 











growth as a consequence of her illness. 


Table IX. 














Case 9—W. McC. Diagnosis: Icterus Gravis Neonatorum. Male; aged twelve 
icterus and pallor at birth; numerous 





hours; history of familial incidence negative ; 
enlargement of heart; enlarged liver and spleen; 






pe techiae at ciaght hours of age; 
edema; severe anemia; large numbers of circulating erythroblasts; one transfusion ; 






death at age of twenty-eight hours; necropsy: extensive hematopoiesis in liver, 






spleen, lungs, kidneys, adrenals, pancreas, and thymus. 






The mother of this infant had had two normal children who had not shown 
(result of third pregnancy) was a full-term, male 





icterus or pallor. The patient 
infant, delivered normally, weighing over seven pounds. At birth, the father 
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noticed a peculiar yellowish discoloration of the skin. The ery was weak and high- 
pitched when heard by a nurse, at eight hours; there were numerous petechiae 
on the neck and extremities. Because of these and an increasing listlessness, admis- 
sion to the hospital was suggested. 

Admission examination, at the age of twelve hours, showed an infant in extremis: 
the temperature was 95° F., and there was cyanosis as well as deep jaundice. There 
were pinpoint petechiae over the face, neck, trunk, hands, and fingers. The heart 
seemed slightly enlarged and a blowing systolic murmur was heard over the pre- 
cordium. The spleen and the liver were each enlarged to 4 em. below the costal 
margin. The dorsum of the hands and feet showed a moderate degree of edema. 
Blood examination yielded: erythrocytes 1.75 million per cu. mm., hemoglobin 45 
per cent, nucleated cells—uncorrected 75,000 per eu. mm., of which 66 per cent were 
nucleated erythrocytes (i.e., about 50,000 per cu. mm.); there were about 30 per 
cent myelocytes in the differential count; platelets were diminished; bleeding time 
was fifteen minutes and clotting time was four minutes. Transfusion of whole, 
citrated blood was given immediately after entry. Death took place sixteen hours 
after admission, when the baby was twenty-eight hours old. 


Necropsy.*—Liver: was enlarged to about twice the normal size, having a 
weight of 143 gm.-(as compared to an estimated normal of 78 gm.). It was 
smooth, glistening and dark reddish-brown in color. The liver markings were 
obseured. Microscopically there was evidence of extensive hematopoiesis and a small 
amount of fibrosis. Much of the bloodformation could be seen between the crowd- 
ing in the liver columns, in the periportal spaces, and in the sinusoids. All stages 
in development of erythroblastic cells were visible in the hematopoietic foci. Some 
cells of the myeloid series, many eosinophilic, were recognizable. Numerous mitotic 
figures were present. The general architecture of the liver was much disturbed by 
the many accumulations of immature cells. The liver cells were filled with yellow- 
brown granules which proved by iron staining to be hemosiderin. Similar material 
was present in the Kupffer cells. Many bile capillaries were seen distended with 
bile. There were no areas of hemorrhage or necrosis. 

Spleen: was large, weighing 26 gm. (estimated normal weight 8 gm.). It was 
dark purplish-blue in color and firm in consistency. On the cut surface the mal- 
pighian corpuscles were hardly visible. Microscopically it showed active hemato- 
poiesis, especially of erythroblastie cells. The germinal centers were very small 
and contained few lymphoblasts or mitoses. There was no-increase in fibrous tissue. 
Many of the macrophages contained hemosiderin. 

Heart: weighed 24 gm. (normal weight 17 gm.). The whole organ seemed 
slightly larger than normal. There were no septal defects. Petechial hemorrhages 
were present on the papillary muscles and the myocardium. Microscopically, numer- 
ous nucleated red blood cells were seen in the blood vessels. 

Lungs: showed numerous bright red hemorrhages in the subpleural tissues. 
Sections showed microscopic evidence of slight bronchitis and peribronchitis, of 
many pieural hemorrhages, and of aspirated vernix and amniotic fluid. Nucleated 
red blood cells in groups were present in the alveolar walls, suggesting erythro- 
poietic foci. 

Alimentary Tract: there were small petechial hemorrhages in the lower part of 
the esophagus, in the mucous membranes of the stomach, and throughout the entire 
length of the small intestine. 

Brain, Kidneys, and Adrenals: likewise showed petechiae. The Pancreas, the 


Kidneys, the Adrenals, and the Thymus showed prominent foci of hematopoiesis. 


*The necropsy report is limited here to the findings essential to the diagnosis of 
this disease. 
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Hemosiderin was present in many of the epithelial cells of the acini in the pancreas, 
and the thyroid, and in the epithelium of the tubules of the kidneys. 


Bone-Marrow: showed extensive hematopoiesis, the predominating cells being 


erythroblasts and ‘‘hemocytoblasts.’’ Myelocytes and areas of myeloid activity 


seemed normally present. 


Case 10.—J. P. Diagnosis: Icterus Gravis Neonatorum. Female; aged fifteen 
days; history of familial incidence negative; icterus on second day of life; pallor 
noted on tenth day of life; petechiae and ecchymoses; liver and spleen enlarged; 
severe anemia; death at fifteen days of age; necropsy; extensive hematopoiesis in 
liver, spleen, kidneys, pancreas, and thymus. 

The patient was the third child of healthy parents, the first two children being 
normal. At birth, there was no evident abnormality. On the second day, icterus 
was noted, and slowly increased in severity. On the tenth day of life, although 
the jaundice was still present, pallor was evident. At this time petechiae and 
ecchymoses appeared in the skin. On the fourteen day, rapid, labored respirations 
set in and the temperature, which had previously been normal, rose to 102° F. 

Admission examination at the age of fifteen days revealed a deeply icteric and 
very pale female infant, in extremis. The skin showed numerous petechiae and 
ecchymoses on the trunk and thighs. The respirations were rapid and labored. 
There were fine crepitant riles heard over the bases of both lungs. The liver and 
spleen were enlarged 8 and 6 em., respectively, below the costal margin. There 
was no evident edema. The erythrocytes numbered 560,000 per cu. mm. The 
hemoglobin concentration was between 15 and 20 per cent. The uncorrected 
nucleated cell count was 55,000 per cu. mm., of which 11 per cent, or about 6,000 
per cu. mm., were nucleated erythrocytes. There were numerous immature leucocytes. 
The platelets appeared greatly reduced and the bleeding time was prolonged. 

Death oceurred one hour after admission te the hospital at the age of fifteen 
days. 

Necropsy.—Liver: was enlarged, weighing 264 gm. (normal 96 gm.). It was 
firm, and of an even greenish-brown color. The lobular outlines were not promi- 
nent, being obscured by the extreme degree of pigmentation. Microscopically, 
there were very active hematopoiesis of blood cells of all types. These islands of 
blood formation lined the sinusoids and were present in the periportal spaces. By 
oxidase staining, a number of the cells were myeloid in type, but the majority 
seemed to be red bloed cells of all degrees of immaturity, the central cells being 
extremely basophilic and immature. The liver cords were slightly compressed and 
narrowed. Only rare liver cells showed vacuolization. There was no central necrosis 
or abscess formation. Many of the liver cells contained brown pigment granules. 
The Kupffer cells were very prominent and filled with brownish-yellow and greenish 
pigment. The bile ducts were not dilated and showed no evidence of obstruction. 
Cross-sections of blood vessels showed large numbers of nucleated erythrocytes. 

Spleen: was enlarged, weighing 48 gm. (normal weight 10 gm.). Microscopically, 
it showed extremely active hematopoiesis and much hemosiderosis. The follicles 
were not very numerous, and of small size. The pulp was overcrowded with young 
blood cells of all types. Within the sinuses could be traced the formation of red 
and white blood corpuscles. Pigment deposition and phagocytosis was marked. 
There was no fibrosis. An oxidase stain showed a large proportion of the young 
white blood cells to be of the myeloid series. 

Heart: weighed 26 gm. (normal 19 gm.). The myocardium was pale yellowish- 
red in color. There were no septal defects. Microscopically, the heart showed 


edema of the musculature. 
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Lungs: showed numerous subpleural hemorrhages on the surfaces. At the base 


f the right lung and involving about two-thirds of the right lower lobe was found 
a definite pneumonie process. Numerous small hemorrhages were scattered through 
hoth lungs. Microscopically, there was a moderate degree of recent broncho- 
pneumonia, edema of the interstitial tissue and in certain alveoli, a hyaline membrane 
characteristic of amniotic fluid aspiration. There was a moderate amount of 
hemosiderin deposit in large mononuclear cells. 

Pancreas: showed numerous foci of hematopoiesis, mainly of erythroblastic cells. 
The stroma appeared somewhat edematous. 

Kidneys: showed no abnormality other than very active areas of hematopoiesis. 
These areas were found in the medulla, and in the connective tissue adjacent to the 
pelvis. 

Thymus: showed foci of hematopoiesis. 

Thyroid, Adrenals, and Lymph Nodes: were not remarkable. 

Bone-Marrow: tissue taken from the rib, vertebral bodies and the femur showed 
very marked cellular activity due to active hematopoiesis of all the blood elements. 
Erythroblasts are very prominent at the outer borders of islands of immature 
basophilic cells. Megakaryoeytes were infrequently seen. Myelocytes were very 


numerous, 


Case 11 1. W. Diagnosis: Icterus Gravis Neonatorum. Male; aged siaty 
hours; history of familial incidence negative; icterus on the second day; pallor 
at sixty hours; enlargement of liver and spleen; anemia; death at age of sixty-two 
hours; necropsy showed icteric staining of the tissue of the central nervous system. 

** Kernicterus,’’ extensive hematopoiesis in the liver and spleen, smaller foci of 
hematopoiesis in the pancreas, adrenals, lymph-nodes, kidneys, and thymus. 

The patient was the fourth child of normal healthy parents, the first three chil- 
dren being perfectly well. On the second day, ieterus was noted; this increased 
rapidly in intensity. On the third day of life, vomiting of yellow fluid occurred 
several times. The respirations became rapid and difficult. At the age of sixty 
hours, the child vomited repeatedly a small amount of bright blood-stained fluid and 
passed a small amount of bloody urine. When seen shortly afterward the patient 
was in extremis. In addition to a moderately severe icterus, there was definite 
pallor of the mucous membranes and slight cyanosis of the lips and extremities. 
Blood-stained fluid oozed from the nose and mouth. There were no abrasions, 
petechiae or ecchymoses. The spleen was palpable 3 em., the liver 4 em., below the 
costal margin. No edema was visible. Respirations ceased at the age of sixty-two 
hours. The erythrocytes numbered 2,100,000 per eu. mm. The hemoglobin con- 
centration was 45 per cent. There were 40,000 nucleated red blood cells per eu. mm. 

Necropsy.—Heart: was slightly enlarged, weighing 26 gm. (expected normal 
17 gm.). The posterior surface showed a few seattered petechial hemorrhages. 
The myocardium was reddish-brown in color. There were no septal defects. 

Lungs: were inereased in weight. (Right 46 gm., left 38 gm. Expected nor- 
rm., left 19 


mal: right 21 g gm.) The pleural surfaces showed scattered petechial 
hemorrhages. In the dependent portions of both lower lobes were numerous small 
dark brown hemorrhagie areas, in which crepitation was reduced. Microscopic 
sections showed many small hemorrhages, a slight amount of bronchopneumonia, 
and aspiration of amniotic sae contents. Among the extravasated red blood cells 
were many nucleated forms. 

Spleen: was greatly enlarged, having a weight of 48 gm. (normal 8 gm.), and 
was purple in color. The cut surface was dark red in color. The malpighian 
corpuscles were small and indistinct. Microscopie sections showed a moderate con- 


gestion and evidence of marked hematopoietic activity of both the myelocytic and 
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erythroblastic series, with the latter greatly predominating. A moderate number 
of pigment-laden macrophages were visible. 

Liver: was enlarged to over twice the normal size. Its weight was 190 gm. (nor 
mal 78 gm.). The capsule was smooth. The tissue and cut surfaces were dark 
purplish-brown in color. Microscopically, the outstanding feature was marked 
hematopoiesis, in which both myelocytes and erythroblasts were represented, - the 
latter however predominating. The liver cells were well preserved, but showed 
numerous granules of hemosiderin deposit. The bile capillaries were not dilated. 

Kidneys: were slightly enlarged in size and in weight. The adrenals showed 
several small hemorrhages in the medullary portion. Hemorrhages were likewise 
present in the mucosa of the bladder. Microscopically the kidneys, and adrenals 
in the medullary portions showed numerous small foci of hematopoictic activity. 

Thymus: Microscopic section showed moderate erythropoiesis in the edematous 
interlobular stroma and slight hematopoiesis in the thymic parenchyma. 

Brain: showed a diffuse icteric tinge and a few petechial hemorrhages into the 
fossa interpeduncularis. Staining of the nuclei in the medulla was marked. 

Pancreas: interstitial connective tissue was slightly increased and appeared some 
what edematous. It showed definite foci of hematopoiesis, but no inflammatory 
cell infiltration. There were no other abnormalities. 

Bone-Marrow: sections taken from rib and vertebra exhibited active hematopoiesis 
in the overcrowding of marrow spaces by large masses of erythropoietic cells, and 
smaller areas of myeloid activity. 

Lymph Nodes: (mesenteric) showed marked hematopoietic activity of erythro 
blastic type. 

The only evidences of an infectious process in this case were a slight bilateral 


otitis media and a small amount of bronchopneumonia, very recent in character. 


Case 12.—B. M.* Diagnosis: Icterus Gravis Neonatorum. Male; examined 
when eight hours old; history of familial incidence positive; enlarged placenta, 
brown vernix and amniotic fluid; pallor and icterus at birth; enlarged liver and 
splee n: ecchymoses and edema at eight hours of age; large numbers of erythro 
blasts in the peripheral blood; death at nine hours; necropsy showed hematopoiesis 
in liver, spleen, thymus, adrenals, pancreas, and kidneys. 

The patient, weighing 7 pounds, 144 ounces, and measuring 21 inches in length, 
was a full-term, male infant, delivered normally. There had been three pregnancies, 
the first child appearing feeble at birth and for a few weeks thereafter, but other 
wise normal, the second child becoming deeply icteric shortly after birth but 
recovering after several weeks. The patient, at birth, was covered with a dark 
brownish vernix; the amniotic fluid also was stained a dark brown. It was the im 
pression of the attending physician that the placenta was much larger than normal. 
The infant’s ery sounded feeble. Examination shortly after birth, showed a well 
developed and well-nourished child, who was pale and definitely icteric. The liver 
was enlarged to the level of the umbilicus; the spleen was easily palpable. During 
the next few hours, feebleness became more marked; eechymoses appeared on the 
lower extremities, and edema of the feet was noted. At eight hours, the infant 
seemed in extremis. Short, jerky, rapid respirations developed, and the patient 
failed to respond to stimulation. A definite pallor of the mucous membranes and 
finger-nails was present in addition to marked icterus of the skin. The sclerae were 
likewise deeply jaundiced. The spleen was palpable 1.5 em. below the costal 
margin; the liver reached to the umbilicus. The extremities showed ecchymoses; 
edema of the feet and ankles could be demonstrated. Examination of the blood 


*We are grateful to Dr. J. C. Merriam and Dr. D. W. Sherwood for permission to 
report this case, and to Dr. S. Dalrymple for the postmortem tissues. 
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showed large numbers of nucleated erythrocytes in addition to many immature 
leucocytes. The bleeding time was definitely prolonged. Death occurred at the 
age of nine hours. 

Necropsy: The pleural, pericardial, and peritoneal cavities each contained 
several c.c. of clear, yellow fluid. 

Liver: was markedly enlarged and filled the upper abdomen. Its weight was 
200 gm. (normal 75 gm.). The capsule was smooth. On section, the tissue appeared 
deep reddish-brown in color, homogeneous and fairly firm in consistency. Micro- 
scopically, it showed numerous foci of hematopoicsis. Hemosiderosis of the liver 
Was very prominent. 

Spleen: weighed 31 gm. (normal 7 gm.), being enlarged to about four times the 
normal size. The capsule was smooth and the tissue deep red in color. On section, 
the markings were not clearly visible. Microscopically, numerous foci of hemato- 
poiesis were seen. Hemosiderosis of the spleen was relatively slight. 

Lungs: were pinkish white in color, crepitant, and showed in gross only a few 
petechiae on the outer portions of the visceral pleural surfaces of both lower lobes. 

Heart: showed no abnormality other than pallor and yellowish discoloration of 


the myocardium. 
Thymus, Adrenals, Pancreas, and Kidneys: likewise showed small blood-forming 


islands. 

Lymph Nodes and Thyroid: not remarkable. 

In addition, small particles of iron-staining pigment were found in the epithelium 
of the kidney tubules, of the thyroid and of the pancreas. Aspiration of amniotic 
sac contents was present in greater degree than is usually observed in newborn 


infants. 
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POSTENCEPHALITIC, ORDINARY AND EXTRAORDINARY 
CHILDREN* 


Earut D. Bonn, M.D. 
PHILADELPHIA, Pa. 


pe ENCEPHALITIC behavior offers a bridge between psychiatry 
and pediatries. The situation at first is distinctly psychiatric; mild 
brain lesions in children have been followed by certain changes in 
behavior which need for their treatment every resource of the specialist 
in mental disorders. After a while, however, the situation becomes 
more general; it can be seen that many things learned by psychiatrists 
from a small group are applicable to the greater number of usual and 


unusual children who come to the attention of pediatrists. 

An experiment which has been carried on in the Franklin School of 
the Pennsylvania Hospital leaves little doubt that intelligent, over- 
active, badly behaved children can be treated with considerable hope of 
success after epidemic encephalitis has stopped its physical course. It 
is suggested that the same treatment may do well when applied to chil- 
dren who are behaving poorly after such brain injuries as come in- 
sidiously after contagious diseases and after trauma, and after in- 
judicious training. 

A short example from Franklin School records will show the definite 
improvement of a postencephalitie boy. 

William became rather nervous after he was hit by a truck when he 
was five years old. He began school at six and one-half years of age 
and was said to be the brightest boy in his class, getting on well with 
every one. At seven years he had ‘‘influenza’’ with a fever of 103° F., 
and a week after this attack was found in an alley unconscious. His 
legs were ‘‘paralyzed’’ for three days: then his eyes crossed and he 
saw double. He was excited and fearful. As he improved physically 
he became ‘‘wicked,’’ wanted to hit the other children, was bossy, dis- 
obedient and had temper tantrums. He developed curious interests in 
water; he would run to the bathroom frequently, either to drink water 
or to get it in eups and glasses which he would conceal about the house; 
he would drag the towels soaked in water over the floors and once 
emptied the muddy water out of the flowerpot on to the bedeovers. 
Received into the hospital school only two months after this disturbance 
of his behavior, he was discharged four months later as recovered. At 
home four years later his health continued excellent, he received very 
good marks at school, and for his ability in sperts he was looked up to 
by other boys. 

*Submitted for publication, May 25, 1932. 
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Here for comparison is a case which might come to any general prac- 
titioner or pediatrist. A girl of nine had been a ‘‘very active, happy- 
go-lucky child, not too docile, always busy, daring, never nervous, good 
appetite, care free and healthy, finding much to laugh about.’’ At 
nine she began to ‘‘mope around’’ and to show an afternoon tempera- 
ture. The doctor said it was ‘‘like typhoid’’ for six months. Te the 
girl things in the kitchen ‘‘ were distorted’’; there was fleeting delirium. 
After these six months and to the age of thirty she was changed, always 
complaining of pain, nervous, seared about driving, afraid the horse 
would go too fast around corners, sensitive, high strung. Here ap- 
parently there was a crisis in life possibly analogous to an encephalitie 
crisis; it went untreated on the behavior side. 

Experience with 95 children enables us to draw up a rough composite 
of ease histories. Not all of the children had encephalitis; in some an 
emotional trauma seemed to substitute for a brain lesion. Not all had 
epidemic encephalitis (lethargica); some had similar brain lesions (after 
measles, malaria), and some probably had minute cerebral hemorrhages 
(from automobile and other accidents). But we can build up a very 
true composite. 

Obedient, well-behaved, bright children, arrived at the ages of five 
to nine years when they were ready to go to school and learn those 
social habits which the usual school child gets so readily. 

Then, after ‘‘flu,’’ the measles, high fever, delirium, came transient 
neurologic symptoms—strabismus, disturbed breathing, drowsiness by 
day (lethargy). Then followed long lasting behavior troubles—restless- 
ness at night, disobedience, truancy, lying, stealing, fears and reckless- 
ness combined, inability to get on with other children, and returns 
to infantile habits, including a mawkish affection. Miss Cole sums up 
the characteristic behavior as being exactly caleulated to bring out the 
most ‘‘intense emotional reactions in the families’’ unfortunate enough 
to be exposed to the children. 

The hospital school decided to accept such children for a year or 
longer, if they were bright and had no progressive nervous lesions, 
beeause such bright and badly behaved children had nowhere else to go. 
At the hospital the children were met by a sehedule which kept them 
busy. They were met also by adults who had psychiatric training and 
who were used to the disturbed behavior of grown persons. These adults 
were trained nurses, teachers, matrons, psychologists, psychiatrists, oc- 
cupational therapists. It is of importance to know that the children 
were met by a long-distance plan carried out by adults who worked 
as a unit and who took a scientific attitude in the face of irritations 
which would have been too great for a family to endure. 
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The results may be briefly stated, although a final check-up will not 
be available until next year. All children ean be benefited im such a 
school, and always there is a greater benefit to the family or the neigh- 
borhood from which the children have been taken. Perhaps a third of 
the children after treatment ean hold their improved behavior at home; 
a third eannot. There is a middle third where the results are doubtful. 
Untreated, there is much to indicate that the children will become 
criminals, so that society has a great stake in the outeome, and a choice 
about spending money either to prevent crime or to eare for the 
criminals. 

In this experiment in postencephalitie behavior, psychiatrists have 
done a piece of work on 95 eases of a certain type. As is usual in 
preventive work in psyehiatry, the real value lies outside the boundaries 


of the experiment. Unless the pediatrist and general practitioner use 


some of these findings as suggestions for the eare of all children, not 


much good will come of the whole procedure. 

There are two psychiatric methods which have been applied to en- 
eephalitie children which deserve the attention of the physician who is 
treating pediatric problems. One is the long-distance plan and the 
other is the psychiatric interview. 

(1) In spite of considerable propaganda I suppose it is true that 
most parents still keep to a short-distance planning—anything to keep 
the child quiet for the time being. Especially do parents tend to drop 
any plan in the presence of illness. The child’s habits and the family’s 
habits are interrupted. The child holds for a while the complete center 
of the stage. As the fever leaves, as the child comes out of physical 
danger, I should gently eriticize the natural tendency for the doctor 
and the nurse to lose interest at a time when interest should be re- 
doubled. The last visit of the doctor should see the family’s emotional 
balanee restored at least to the status quo. In many eases psychiatrists 
know that it would have been better for the children to have died than 
to have emerged ‘‘spoiled’’ and able to manage their parents by childish 
temper tantrums or pathetic weaknesses. Incidentally it is becoming 
clear that what is good for the posteneephalitie children is good for the 
‘*spoiled child,’’ the unusually bright child, sometimes the ‘‘only child.’’ 
While I know that the tendency of the family often is to let the physi- 
cian go, and save expense, as soon as possible, I believe that if the physi- 
cian early and always looked ahead through convalescence to good- 
habit training later, he would convert many parents to his way of 
thinking. Something might also come of his emphasizing the need 
of unity among parents and teachers. It was interesting at the Franklin 
School that any substitute teacher or nurse, who was not completely in- 
formed about the whole plan, immediately got into trouble. 
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A long-distance plan is not easy for parents, but it is easier than a 
lack of plan. If in a school the adults in charge ean fix their attention 
on a far-off goal and find relief from the immediate irritating conduct 
of children, the adults in a home can sometimes do the same. Many 
doctors, either with this idea in mind or not, are helping by sending 
more sick children out of their homes into hospitals—a splendid way to 
prevent family disorganization as well as to care for the child’s present 
illness. 

(2) A psyehiatrie procedure which might help in pediatrie practice is 
the long interview which gives a child a chance to tell an uncritical 
adult what really is on his mind. The psychiatrist takes an hour if he 
ean, the pediatrist of course must take what he can in the exigencies 
of practice. But even the busiest physician will lengthen his interviews 
if he sees the importance of the issues involved. 

In one Franklin School boy, aged nine years, the topics discussed in 
many long interviews in a play room were as follows: Books, automo- 
biles, football, robberies and holdups, crime, murder, masturbation, 
Frankenstein, ‘‘my mother and how I want to be loved,’’ reading and 
masturbation, how babies were born through the anus or mouth or by 
Cesarean operation. 

Mark, under the care of a pediatrist for feeding and growth problems 
to the age of five years, presented an ordinary picture on the outside. 
Then just as he was entering school he began to spit and to urinate in 
publie, and to kick and bite other children. The mother still insisted 
that he had no problem; when she took him to a doctor she fastened 
the latter’s attention upon the nose and throat. At the age of nine 
years the boy went to a general hospital for a week with otitis media 
and to a contagious hospital for measles. Nothing unusual was no- 


ticed about him at either place. 


The psychiatric interview brought out an inner life that is amazing, 


dangerous and of great importance as a chance to investigate (and pos- 
sibly prevent) criminalism or schizophrenia. He is intensely preoe- 
cupied with notions about the anatomy and functions of the gastro- 
intestinal and genitourinary tracts: these are vague and symbolic, like 
the ideas of an adult dementia preeox case. In one interview the 
spirit of his mother entered a circle on the blackboard and went round 
and round; he invented new words to explain how this spirit finally 
went to where the devils killed it and sent it to hell. Sex and eruci- 
fixion, bloody mothers, robbery and killings—his own physieal and 
mental inferiorities which he blames upon his mother, are things he 
talks about when with an adult who lets him ramble on. He shows a 
dangerous ability to charge others with sex offenses and other crimes; 
it is impossible to tell how much truth is mixed with dreamy think- 
ing. ‘‘My strength was taken away from me.’ 
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This boy, on the outside a nuisance, on the inside has wrapped up 


in one package many of the tendencies most dangerous to the com- 


munity. And at nine years maybe something can be done about it. 

This rich inner life was reached by other methods at the school. 
Walks were taken with children, books were read with them, stories and 
dreams were told, drawings were made alternately by physician and 
child, blots of different shapes were interpreted. 

The pediatrist may think this inner life alarming, and indeed it is. 
It may easily be that some of our children, selected for unusual be- 
havior, may be showing psychotic symptoms. If this is so, many more 
early psychoties are now in the hands of pediatrists. It seems that the 
psychiatrists at the Franklin School have as a duty the following of 
these childish cases to see whether they do mean an adult psychosis. 
It seems that the pediatrists at the same time should try, by means of 
the longer interview, to seek out and to classify the kinds of thinking 
which are going on in their own patients. 

Nothing is more important than an early decision as to whether a 
child shows neurotie or psychotic tendencies. The psychiatrists, work- 
ing intensely on a few children, may get some information and some 
suggestions. The pediatrist, working on a wider range of cases, may get 
data with which to check hasty conclusions but also with which to under- 
stand and to help the psyehiatrist’s researches. And there can be no 
question that, with interest aroused, the pediatrist is in the better 
position to head off trouble in its ineipiency. 


111 N. Forty-NInta STREET. 





INTRAPERITONEAL IRON IN THE TREATMENT OF 
SECONDARY ANEMIAS OF INFANCY*t+ 


Cuirrorp G. GRULEE, M.D. 
AND 
Heywortu N. Sanrorp, M.D. 
CuicaGo, ILL. 


HE use of iron as a therapeutic agent in the treatment for anemia 

and debilitating conditions is one of theoldest of therapeutic 
measures. Beginning with the end of the last century, workers began 
to study its physiologic action. In 1880 Gottlieb’ administered iron 
subeutaneously to study its action, and found that 70 per cent was 
excreted in the feces. Ziegler,? using the same method, found iron only 
in the Kupffer cells of the liver, and Hoffman* showed that the ad- 
ministration of medicinal preparations of iron lead to its accumulation 
in the liver and spleen. In 1900 Cloetta* first demonstrated that the 
absorption of iron takes place from the duodenum. 

During the first two decades of the twentieth century the treatment 
of anemia by iron therapy fell into disrepute, possibly because of our 
inability properly to distinguish the various causes of anemia, and also 
to the empyrical declaration of many pure physiologists that iron per se 
was not absorbed by the tissues, in spite of clinical evidence to the 
contrary. It so influenced the German school of pediatries that Czerny® 
in 1912 stated that nutritional anemia in infants was due to cows’ milk 
and that iron in either organie or inorganic form would not eure the 
anemia. His views have influenced much of the literature since that 
time. Kleinschmidt, who reviewed the subject of anemia in 1916, 


agreed with Czerny tha. alimentary anemia was caused by the toxic 
effect of cows’ milk plus a congenital predisposition. He stated that 
iron therapy had no influence on the anemia. 

In 1920 Schwartz and Rosenthal’ stated that while iron therapy was 
held to be ineffectual, they had had good results with it. During the 
next few years Hess, L. W. Hill,° and Levin™ contributed articles 
advocating the use of iron in the anemia of infants. However, the most 


convineing study on the use of iron was made by Mackay" in 1931. 
In 122 anemie infants from two and one-half months to one year of 
age, she was able definitely to increase the hemoglobin by the oral ad- 
ministration of iron and ammonium citrate. Thus the clinical evidence 

*From the Department of Pediatrics, Rush Medical College of the University of 
Chicago, and the Presbyterian Hospital, Chicago. 

tPresented before the American Pediatric Society, Rochester, Minn., May 26-28, 
1932. 
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of the feasibility of the therapeutic use of iron in certain anemias of 
infaney returned to its former state. 


There are certain difficulties to be overcome in the administration of 


iron by mouth, namely the inability of some individuals to take such 
a preparation, and its rather slow action. Obviously intravenous and 


subeutaneous methods would be of value, if evidence of their advisa- 
bility and absorption could be obtained. In 1928 Poulson’? contributed 
his classie studies on the fate of colloidal iron administered intraven- 
ously. After injection into rabbits, he found iron in the Kupffer 
cells of the liver from one minute to nine days before it was present 
in the liver eells. In brief his observations were that in rabbits the 
iron was found in the lungs, liver and spleen; in the lungs it occurred 
as emboli in the vessels; in the liver and spleen it was ingested by the 
endothelial cells. When the Kupffer cells are charged with iron, they 
tend to be detached from the eapillary walls and congregate in the 
lumina; later they fuse and form multinucleated giant cells. Iron was 
not found in the epithelium of the kidney tubules until the second 
week. It was not found in the bone marrow. It was excreted by the 
eeeum. 

In the above experiments, it was shown conclusively that colloidal 
iron was taken up and stored by the eells of various body organs. The 
liver is presumed to be the organ of the body that is utilized for iron 
storage. This is shown by both experimental and clinical observations. 
Sunge™ in 1892 demonstrated that in young dogs, cats and rabbits the 
amount of iron per kilogram body weight is highest at birth and pro- 
gressively diminishes until the animal takes mixed food. In other 
words, the liver of the newborn dog, eat, or rabbit contains an iron 
reservoir which is drawn on for the needs of the growing tissues, par- 
ticularly the blood. Hugounenqg™ in 1899 investigated the human fetus. 
He estimated its iron content at different stages of development and 
showed that about two-thirds of the iron present in the body at full 
term was laid down in the last three months of intrauterine life. The 
majority of this iron is present in the liver. Accordingly, therefore, 
the premature baby is born with a smaller reservoir of iron and should 
in consequence show less iron in the tissues as it grows older, principally 
in the blood tissue, or in other words become anemic. This is a well- 
known clinical observation. 

Intravenous colloidal iron, therefore, furnishes a withdrawal deposit 
in the liver, but unfortunately by way of the vascular system in the 
lungs as well. To obviate this deposit in the lungs and other organs 
where it was unnecessary and probably detrimental, it occurred to us 
that the intraperitoneal injection of colloidal iron might offer a safe 
and easy means of introducing iron into the organism. The following 


experiments were carried out in animals. 
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METHOD 

Metallic iron in the colloidal state, as ferric hydroxide, was injected 
intraperitoneally into rabbits. The solution contained 1.5 mg. of col- 
loidal iron to each eubie centimeter, and the amounts given ranged 
from 1.5 to 25 mg. per kilogram of body weight. 

The histologic sections were fixed in a diluted solution of formal- 
dehyde, U.S.P. solution (1:10) and passed through fresh 2 per cent 
solutions of potassium ferrocyanide and hydrochloric acid. The see- 
tions were counterstained with neutral red 

The chemical examinations were made by mincing the organs on glass 
slides, washing them several times with water and drying to a constant 
weight at 100 C. They were then analyzed by Kennedy’s’® process, 
and the iron was estimated according to the procedure used by 
Elvehjem and Hart.”® 

RESULTS OF THE EXPERIMENT 
In the histologic study it was found that the iron proceeds from the 


peritoneal cavity by two routes. A considerable part is taken up by the 
lymph glands of the mesentery and passes into the thoracie duct. An- 


other part is taken up by the macrophages as a glutinous material in 


TABLE I 


NORMAL 5 RABBITS: IRON INJECTION—14 RABBITS 
TOTAL MG. OF DOSAGE, TIME, 
IRON MG. WEEKS 

2.85 to 9.55 15 55 to 9.0 

60 . 55 to 14.25 

120 ; 2.35 to 38.45 

120 55.8: 66.05 


TOTAL IRON 


Spleen 0.85 to 2.05 15 
60 
120 
120 


the peritoneal fluid and is deposited on the mesentery and peritoneal 
organs. This part eventually penetrates between the endothelial cells 
and enters the lymphatic vessels of the subserous tissue. A large amount 
of this iron is eliminated through the cecum. Iron is found in the 
Kupffer cells in about seven days, but it does not appear in the liver 
cells until forty-five days. The iron appears in the cells at the 
periphery first, and spreads toward the center later. During this 
process, the Kupffer cells appear to loose their charges of iron. The 
amount of total dosage does not affect the time of appearance of the 
iron in the liver. No iron was deposited in the spleen. 

Daily estimations of hemoglobin and red cells were made on the blood 
of the animals. There was no particular change in the hemoglobin or 


red cells in animals given colloidal iron. Those made anemie by bleed- 
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ing did not regenerate any faster after intraperitoneal injection of 
iron than those that did not receive it. 


CLINICAL CASES 

As there were no harmful reactions, treatment was begun on a series 
of children. The method adopted was to inject 5 ¢.ec. of colloidal iron 
as ferric hydroxide, the solution containing 8 mg. of colloidal iron. This 
standard amount was used irrespective of the weight of the child. 
These injections were given twice a week for eight injections. The 
method of injection was that deseribed by Sanford.'’ The cell counts 





Hb—— —-—. 
Case 1.R,B,C--- Transfusion R,B.C------ 
R.B.C 3 mo. 7 mo. 
430 8 
5200 70 


5000 60 
4800 54 
4600 50 


4400 48 
4200 46 
4000 44 
3800 42 


3600 40 ZB 


5200 36° 


Transfusion Ff i 











Fig. 1.—Comparison of Case 6 with that of patient’s twin brother, who received 
two intraperitoneal transfusions of whole blood. Control case. Secondary anemia 
following malnutrition and pertussis. 


were made in the usual manner, and the hemoglobin was estimated by 
the Neweomer method, the standard being check as described by San- 
ford."® 

It will be observed from Table II that in the first six cases there is 
little or no rise in the hemoglobin or red cells during the time of injec- 
tion, or about thirty days. Following this time there is a rise of hemo- 
globin to the amount of 5 per cent (Newcomer) a week. It is the gen- 
eral idea that secondary anemia is due more to an inability to use the 
iron taken in or stored in the body than to a mere lack of iron. The 


administering of therapeutic iron therefore simply creates a reservoir 


on which the body may draw. 
It was obviously desirable to hasten the assimilation of iron if pos- 
sible. On the above eases, ultraviolet radiation was given. Our method 
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was to expose the front and back of the baby, beginning with a three- 
minute exposure and increasing the time one minute a day until an 
exposure of ten minutes was given. The results as to speeding the 
hemoglobin rise were not impressive. At this time Case 6 and his twin 
brother were used as controls on the advisibility of giving whole blood 
to perform this function. The control subject was rapidly benefited 
after two intraperitoneal transfusions of whole blood, but after three 
months his physical condition had fallen below that of the child given 
iron intraperitoneally. After seven months his condition was still below 
that of the other child. (See Fig. 1.) 

In the following fourteen cases, the procedure was adopted of giving 
one or two transfusions of 100 ¢.c. of whole blood intraperitoneally 
during the first week, the first transfusion being given as soon as the 


diagnosis was established. 


COMMENT 


Any such series of cases as these given is open to many criticisms, 


such as variable factors in the treatment, what form of anemia were the 
cases, and even though animal experiments may show iron retention 
does this prove that the human tissues will likewise utilize it? 

First, as to the type of anemia benefited by iron therapy, anemia 
has come to be regarded as a symptom nearly as general in its eticlogy 
as fever or vomiting. To search for a universal therapeutic agent is as 
futile in anemia as in those other conditions. In the cases treated cer- 
tain symptomatic factors are common to all, namely—artificial feeding, 
plus some further factor such as prematurity, malnutrition or infection. 
The blood of all in common is noteworthy in being low in hemoglobin, 
but with nowhere near a corresponding drop in erythrocytes. Such a 
type of anemia has been discussed and classified in the literature under 
‘simple 


> «¢ 


the name of ‘‘alimentary anemia,’’ ‘‘cows’ milk anemia, 
anemia of infancy,’’ and ‘‘chlorotie anemia.’’ Baar and Stransky*’ 
point out that all such anemias show a similiar blood picture, that is to 
say, its most marked feature is the reduction of the hemoglobin per- 
centage, often with little other change. 

The diet has a marked effect on the etiology of these cases. All of 
our anemias were in artificially fed infants. Mackay™ has found that 
while breast-fed infants may be subject to anemia, they are much less 
so than babies fed on cows’ milk, although it can as well develop in 
artificially fed babies given vegetables, fruit and cereal in addition to 
cows’ milk. This corresponds very well to our knowledge of the dif- 
ferent amounts of iron available for the child in human and cows’ 
milk (Bunge”’). Furthermore, this amount is actually reduced in a 
cows’ milk feeding still more than in human milk because the gross 
intake is less in an artificially fed baby, a part of whose calorie needs is 
usually supplied by sugar and fat. 
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The large proportion of babies of low birth weight, such as prema- 
tures, congenital inferiors and twins, has been noted by many authors.*! 
Anemia is to be expected in all premature infants before six months of 
age, although at birth the average hemoglobin is about the same or 
higher in premature infants than in full-term infants. 

Animal experiments have indicated that the development of anemia 
is intimateiy connected with growth. Rapid growth favors its develop- 
ment, though conversely severe anemia may stunt growth.”? Birth 
weight in infants is closely related to the rate of growth, the higher the 
birth rate, the less the rate of growth. It is not unusual for a prema- 
ture infant to quadruple its birth weight in the time an eight-pound 
infant takes to double it. We should, therefore, expect to find a corre- 
lation between rate of growth and hemoglobin if iron deficiency is a 
cause, and this is exactly what is observed clinically, that the faster 
the rate of growth in a premature, the lower the hemoglobin level tends 
to be. 

The last predisposing factor is infection. A child that becomes 
anemie has been shown by Mackay to be more liable to infection. Severe 
illnesses and pyogenie infections are well known clinically to cause 
anemia. Anemia due to a lack of iron causes a lowered resistance, an 
infection develops and the hemoglobin level is still further lowered. Our 
results in the above cases following infection have been uniformly sue- 
cessful, providing the infection was not active. The failure of iron 
therapy in the treatment of an anemia in a child suffering from an 
active infection which itself produces anemia, probably accounts for 
considerable of the disrepute of iron therapy existing in the literature. 
One might as well expect to cure the anemia of syphilis, without resort- 
ing to treating the disease. 

The second logical criticism is that even though animal experiments 
show that iron is deposited in the liver, are we at all certain that this 
occurs in the infant under iron therapy? During the course of our two 
years of treating this form of secondary anemia with iron, two patients 
who had received several injections of iron intraperitoneally died and 
went to autopsy. 

The first ease was that of an infant of ten months, weighing seven- 
teen pounds, that suffered from some form of primary anemia. He was 
pale and jaundiced with the spleen enlarged 5 em. below the eostal 
margin. The blood showed 20 per cent hemoglobin, 1,900,000 erythro- 


eytes with many nucleated and abnormal forms. He was treated with 


x-ray, ultraviolet light and liver, with no effect. We did not expect to 
obtain any results with intraperitoneal iron, but he was given four in- 
jections. There was no improvement in his general condition or in the 
blood picture, and his parents removed him from the hospital. Five 
months later he died at home. A complete autopsy was secured. There 
were no noteworthy changes in the body except the anemia of all organs, 
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with the exception of the liver. In sections of the liver stained with 


potassium ferricyanide, the hepatie cells around the periphery of the 


lobules, particularly close to the periportal spaces, contained many fine 
granules (see Fig. 2). It was thus shown that even after five months 
iron was still deposited in the liver. 

The second case was a premature infant brought into the hospital 
twelve hours old, weighing 3 pounds, 5 ounces, probably about seven 
and a half months, premature. In the next five weeks on tube feed- 


ings of albumin milk, the weight rose to 4 pounds, 6 ounces. The child 














2.—Section of liver 350. Showing iron granules in the hepatic cells around 
the periphery of the lobules close to the periportal spaces. 

was in the ineubator with nothing unusual noted. The blood on ad- 
mittanee was 70 per cent hemoglobin, 4,600,000 erythrocytes and 16,000 
white blood cells. At one month, the blood was 60 per cent hemo- 
globin, 3,590,000 erythrocytes and 11,500 white cells, and at five weeks, 
40 per cent hemoglobin, 2,490,000 erythrocytes, and 9,500 white cells. 
In an endeavor to correct the anemia 6 mg. (3 ¢.c.) of colloidal iron were 
given intraperitoneally with no ill effeet. This was repeated in three 
days, and in three days more with 8 mg. (5 ¢e.), which was given 
intraperitoneally at three-day intervals for three more injections. The 
day following the last injection, the child vomited curds mixed with bile. 
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The vomiting and retention increased the following day, and the child 
had eight watery stools. The child’s temperature dropped to 96.6° F. 
and the child died. 

In a section of the liver (Fig. 3) there were many hepatie cells that 
had minute blue dots in them, but the blue coloration was most marked 
in the Kupffer cells, so that in each field of «400 magnification, there 
were from five to ten distinet cells of this type. In the Kupffer cells 
the blue granules are much finer than those of the hepatie cells. 














Fig. 3.—Section of liver X80. Showing iron granules in the hepatic cells around 
the periphery of the lobules. 


We, therefore, find that in the infant, exactly as in animals, intra- 
peritoneal iron is stored as a deposit in the liver. It may, therefore, be 


drawn upon by the blood tissue to supply its needs, as is shown celin- 


ically by increased hemoglobin in such cases where there is an iron 
deficiency. 

Last, as to the variable factors introduced. First, six of these in- 
fants were given ultraviolet light. Could this not have accounted for 
the hemoglobin rise? The rickets could have been the eause of the 
anemia, and under cod liver oil and ultraviolet therapy would not the 
rickets have been cured and by consequence the anemia? There is no 
evidence that such an anemia is due to rickets or to a deficiency of the 
known vitamins, since it develops on a diet containing liberal amounts 
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of these substanees, and can be cured without altering the vitamin 
content of the food.2* Moreover, cure of rickets by increasing the 
supply of vitamin D will not cure an associated anemia.** 

Second, while in the hospital the nutrition was improved, would this 
not account for the betterment in the child’s condition? Infants are 
known to be dependent on the store of iron in the liver at birth, since 


the quantity in milk, whether human or cows’ milk is inadequate to 
provide the amount of iron needed for growth. When a mixed diet 


containing iron, such as egg yolk, meat, and green vegetables, is pro- 
vided, the infant obtains a greatly increased amount of iron in the diet 
and its hemoglobin level usually rises slowly.” 

We do not believe that these variables materially affect the result 
of our therapy with intraperitoneal iron. Copper deficiency is known 
to play a part in the production of milk anemia in the rat,?° and 
whether traces of manganese and other minerals also play a part in 
hemoglobin formation is not as yet fully developed. Impurities existing 
in the iron and in foods may have some effect on the results. These as 
with intraperitoneal injections of whole blood probably act as a eata- 
lyzing agent to stimulate the body tissues to an inereased utilization of 
the iron on deposit. That injections of blood alone act only as a tem- 
porary agent is shown by the Case 6, and control in our series. 

We come finally to the question, is such a treatment justified? With 
the exception of the premature infant stated, no ill effeets or reaction 
was noted with the doses given. In the child aged two years, in the 
preceding series, two doses of 10 ¢.e. each were given, and each time a 
rise in temperature of two degrees was noted within six hours after 
injection. This did not oceur after reduction of the dosage to 5 ec. It 
will be noted that no ill effect was observed in the premature infant 
on doses approximating its weight, but when the dose was increased to 
that given a child of triple its weight, after four injections a sterile 
peritonitis developed. We do not feel, therefore, that in the doses given 
this form of treatment is of danger to the infant. The child that is 
from 10 to 25 per cent below the average in hemoglobin and suffering 
from a mild anemia certainly does not need such a method of treat- 
ment, as time is not such an important factor, but to the malnourished 
infant with a hemoglobin 50 per cent below the normal, a prey to every 
infection, such a treatment is justified. 

In our eases, the child remains under observation in the hospital dur- 
ing the month of treatment. After this he is sent home and the blood 
ehecked at monthly intervals. Nine of the twenty cases treated have 
been followed for one year and are in good condition; so the results 


appear permanent. 
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RESULTS 


Intraperitoneal injection of iron in doses of 5 mg. at three-day in- 
tervals, combined with one or two transfusions of blood, seems to be of 
value in the treatment of children with secondary anemia. 

It apparently has no effect on the hemoglobin or red cells in primary 
anemia. 
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POLIOMYELITIS IN THE PREPARALYTIC STAGE WITH A 
DISCUSSION OF TREATMENT* 


O. N. Tortan, M.D., AND MarrHEW WINTERS, M.D. 
INDIANAPOLIS, IND. 


HIS paper is presented to show the necessity of keeping the symp- 

toms of poliomyelitis in one’s mind at all times. We resent seven 
endemie eases, seen over a period of a few years in private practice, 
in which there were symptoms suggestive of poliomyelitis in its pre- 
paralytie stage. 

In order to present the subject it is necessary to consider the symp- 
toms and treatment of the early stage of the disease. We further pro- 
pose to review the extensive literature as it relates to diagnosis, and 
to the investigations which have led to the present methods of treatment. 

In the presence of an epidemic the physician is on the lookout and 
suspects any sick child, but in the ordinary course of practice he must 
have the early symptoms of poliomyelitis well in mind. 

The typieal ease, when first affected, has a temperature as a rule of 
from 101° F. to 102° F. The patient is drowsy, lying quietly, perhaps 
asleep, and does not like to be disturbed. If disturbed, he is irritable, 
though perfeetly normal mentally when aroused. His face is flushed 
and he seems sicker than the temperature would warrant. Headache 
may be present. In a large pereentage of cases, varying in different 
epidemies, gastrointestinal symptoms are present—vomiiing, marked 
constipation or oceasionally diarrhea. The pharynx and tonsils may be 
reddened and present a misleading symptom, as may the gastrointes- 
tinal disturbance. The periods of drowsiness are often interrupted 
by periods of irritability. 

Wilson’ says that in 2 per cent of the cases there is no history of 
fever, sweating is profuse in 12 per cent, and that the preparalytic 
symptoms last as a rule from three to four days. Hyperesthesia is 
present at times but is not a common symptom. A fine tremor of the 
hands and lips may be notieed on exertion when the meningeal symp- 
toms begin. 

The spine sign as reported by Zingher, Ayer, Draper, Aycock and 
others is the diagnostic feature of the disease. There is a slight rigidity 
of the neck. The patient will rise from the bed by pushing himself 
up with the hands, holding the back stiff. When asked to put his head 
in his lap, he is unable to do so and complains of pain along the spine as 


the attempt is made. This, the ‘‘spine sign,’’ occurs in all eases of 


*Submitted for publication, April 23, 1932. 
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poliomyelitis at the time of the meningeal involvement. At this time 
the knee jerks are usually active. Great care should be taken in 
examining children, for they are usually on the defensive and one may 


easily be misled. 
The dromedary type, so called by Draper? because of the two humps, 


presents the preliminary symptoms as deseribed—temperature, drowsi- 


ness, irritability, vomiting and headache as the first hump, but without 
the meningeal symptoms. Then, after an interval of from one to five 
days, during which time the child seems well, the temperature returns 
and with it appear the stiffness of the neck and back, the tremor and 
other meningeal symptoms. 

There seems to be considerable disagreement as to the abortive form 


of the disease, which, according to MacAusiand,* is estimated at from 


Fig. 1.—Normal child. 


0 to 80 per cent of the cases as reported by different observers. Luther* 
defines the abortive form of the disease as represented by the first hump 
of the dromedary type. This form discloses none of the central nervous 
symptoms, and therefore it is the picture of a general systemic disease 
with fever, drowsiness, vomiting and slight headache, such as may oe- 
cur with any mild acute infection. It lasts about twenty-four hours. 
The spinal fluid at this time is normal. The diagnosis of the abortive 
form is therefore a matter of conjecture. 

A child with the above symptoms, including the spine sign, and in 
whom nothing else is found to explain these symptoms, justifies a pos- 
sible diagnosis of poliomyelitis, and a spinal puncture should be made. 

The characteristics of the spinal fluid as given by the many observers 
of the disease are as follows: the fluid is under increased pressure, 
clear or with a slight shimmer, albumin and globulin are increased, 


sugar is normal, and the cells are increased. From 50 to 300 cells are 
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usually present, but occasionally 500 to 1,000. In the early stage the 


This warrants a diagnosis of polio- 


polynuclears may predominate. 
myelitis, provided tuberculous meningitis, cerebrospinal syphilis and 


acute encephalitis can be excluded. 
Tuberculous meningitis is differentiated by the history, the clot in the 
spinal fluid, the lowered sugar and the presence of tubercle bacilli in 


the fluid, 


Fig. 2.—Spine sign. Child pushes self up with hands. 


Fig. 3 Spine sign. Child cannot put head on knees. 


In encephalitis there are usually fewer cells and less globulin in the 
spinal fluid, and the patient’s stupor is usually deeper. Neal’ found 
the cells were usually from 10 to 15. The two diseases are likely to oceur 
at different times of the year. The following is a part of the deserip- 
tion of the symptoms of acute encephalitis given by Hohman.* Symp- 
toms may come on gradually or suddenly and at the onset are likely 


to be those of a general systemic infection. The child complains of 
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headache. The temperature is from 99° F. to 105° F. There are 
nausea, vomiting, restlessness, drowsiness, irritability, and with these, 
symptoms relating to the nervous system appear. Stiffness of the neck 
may suggest meningitis. There may be pains in the abdomen or legs, 
and tremors of the muscles. Thus it is clear that the symptoms of 
poliomyelitis and acute encephalitis may be much alike. 

The fluid of syphilitic meningitis resembles that of poliomyelitis. 
According to Neal’ there are few marked signs of meningitis, fever is 
absent and headache is intense. It occurs infrequently in children. 

From these differences it is concluded that the diagnosis of pre- 
paralytic poliomyelitis should seldom be missed, as stated by Ayer.‘ 
Ayeock and Luther® state that there were not many cases which could 
not be excluded without lumbar puncture. However, the above deserip- 
tion of encephalitis bears great likeness to that of poliomyelitis, and 
some question of diagnosis arises in cases seen in the absence of an 
epidemic, such cases as are presented in this paper, when paralysis does 
not follow. 


The largest number of cases of poliomyelitis reported in Indiana in 


any one year up to and ineluding the year 1928, was 153 in 1927. In 
the New York epidemic of 1916 there were 13,000 cases with a mortality 
of 27 per cent. Flexner'® says that epidemies of poliomyelitis have 


twice encircled the globe in ten years, so we in Indiana have had little 
experience with the disease. 

In 1910 Flexner and Lewis," experimenting with monkeys, gave us 
the reason for the use of convalescent serum in the treatment of polio- 
myelitis. They inoculated monkeys with virus in such a way that 
the animals invariably developed the disease, and if recovery took place 
they proved them to be immune. By injecting this immune serum 
intraspinally, and also by injecting human immune serum, they were 
able to prevent paralysis in the monkey as late as twenty-four hours 
after inoculation with poliomyelitis virus. 

Their work together with Landsteiner’s experiments induced Netter 
in 1914 to use human immune serum in treatment. Since this time 
many series of cases have been treated and reported. The treatment 
has been earried out in various ways. Injection of human immune 
serum intraspinally is the method most used and approved. Various 
observers recommend from 5 to 25 ¢.c. repeated in from twelve to 
twenty-four hours. Intraspinal serum injections are liable to increase 
the temperature and the stiffness of the back. This has also been our 
experience. Occasionally the injections produce such marked increase 
of symptoms that one hesitates to repeat the dose. It is also recom- 
mended that a does of about 60 ¢.c. be given intravenously at the time 
of the first treatment. Flexner and Amoss'* found that the virus pene- 
trates the choroid to produce the disease, and at the same time immune 
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bodies from the blood enter when this barrier is broken. It is by this 
method that the virus in the central nervous system is neutralized and 
the disease is cured. 

By producing an aseptic meningitis and later injecting immune 
serum intravenously, they were able to recover immune bodies in the 
spinal fluid and coneluded** that immune bodies passed the barrier of 
the choroid plexus. The intravenous injection of immune serum for 
treatment of preparalytic poliomyelitis is, therefore, of importance, but 
the dosage required is larger and is less effectual than the more direct 
intraspinal route. Flexner’ states that disease of the central nervous 
system is not readily accessible to immune serum introduced into the 
blood. Therefore it would seem that there is even less reason for the 
subcutaneous or intramuseular’ injection of immune serum for the cure 
of preparalytic poliomyelitis than for the intraspinal and intravenous 
injection. 

It has been suggested that normal human serum may be used in the 
absence of immune serum. Any human serum may be effectual be- 
eause it is believed that many people develop immunity by having a 
subclinical poliomyelitis infection. However, Flexner and Amoss‘* found 
that normal human serum will not prevent infection. 

Amoss and Eberson'* used Rosenow’s and other antipoliomyelitis horse 
sera in monkeys to neutralize the virus and found them ineffectual. The 
monkeys developed the disease and after recovery their sera protected 
other monkeys. Flexner and Stewart’’ state that there is no experi- 
mental basis for the claims that streptoeoeci are the cause of polio- 
myelitis. 

From the numerous reports of series of cases treated, Table I is taken. 
These cases were treated intraspinally with human immune serum be- 
fore paralysis developed. Some were given an intravenous injection 
in addition. The serum was collected from a few’ weeks to as long as 
forty years after the donor’s paralysis occurred. 

It will be observed that there is a great variation in the percentage 
escaping paralysis. This may be explained by the great variation in 
severity of the infection which oceurs as the epidemic progresses, and 
between epidemics of different years. For instance the mortality of the 
New York epidemie of 1916 started at a low rate, increased markedly 
in the first few weeks and then gradually declined; the total mortality 
was 27 per cent. The average mortality is about 20 per cent. The 
mortality also varies in different epidemics from about 8 to 25 per cent. 

Peabody states that no idea has been formed of the percentage of 
paralysis occurring in those untreated. However, he quotes Draper’s 
report of 85 cases diagnosed in the 1916 epidemic in the preparalytic 
stage and treated expectantly with 56 per cent not paralyzed. We have 
been unable to find any other such reports except a short series by 
Had accurate statisties been kept in the past, like those 


Schwarz.” 
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TABLE I 


POLIOMYELITIS TREATED IN PREPARALYTIC STAGE INTRASPINALLY WITH HUMAN 
IMMUNE SERUM (ADDITIONAL INTRAVENOUS SERUM GIVEN IN SOME CASES) 


PERCENTAGE OF 
AUTHOR CASES TREATED TREATED 

UNPARALYZED 
Ayer 100 70 
Amoss and Chesney 71 
Zingher 81 
Schwarz 2 42 
Peabody 69 
Luther j 35 
Silverman 74 
Ayeoeck and Luther j 34 


Total treated 449 Percentage of escape 60 


of Draper and Schwarz, it would be of benefit in evaluating the re- 
sults of treatment. Kelloge’’ suggests that the value of treatment can 
be determined only by running a parallel series of cases treated and 
untreated. 

Kellogg, Ayer, Ayeock, Draper, Silverman, Peabody, Amoss, Zingher 
and others are of the opinion that human immune serum is of value 
in the treatment of poliomyelitis in the preparalytie stage, though they 
offer no convincing proof. There is perhaps one exception, that of 
Ayeock and Luther,’ whose preparalytie treated cases developed ‘less 
severe paralysis than those untreated, and this series would seem to be 
questionable proof. 

Zingher'® treated 10 preparalytie cases with normal human serum 
and 90 per cent were not paralyzed. Silverman’ treated 14 pre- 
paralyties with immune horse serum and 64 per cent were not paralyzed. 
Watkins and McKenzie, quoted by Kellogg, treated 30 eases with 
Rosenow’s horse serum with 53 per cent not paralyzed. Schwarz,?° 17 
preparalytie cases treated expectantly, 81 per cent not paralyzed. Mae- 
Ausland’ states Rosenow’s serum was used by various physicians in epi- 
demies of 1918 and 1919, and of these there were 60 cases treated in 
the preparalytie stage and all recovered completely. 

Yet, as stated previously, Amoss and Eberson™ have been unable 
to prevent paralysis in monkeys with immune horse serum when in- 
jected intraspinally, while convalescent monkey serum invariably pre- 
vented paralysis under the same conditions, 

Consider the results with human immune serum by different observers 
(Table I), how they vary from 34 to 81 per cent not paralyzed. Like- 
wise, Silverman’s'® group which were treated in 5 different epidemics 
from 1922 to 1929, in which the incidence varies between 48 per cent 
and 84 per cent. All admit that the treatment with convalescent hu- 
man serum is in the experimental stage. Draper’ states that it is of no 
value after paralysis develops, but in the absenee of other treatment 
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TABLE II 


PREPARALYTICS TREATED BY VARIOUS METHODS 


"PERCENTAGE 
AUTHOR NUMBER OF CASES SERUM USED NOT 
PARALYZED 








Zingher “10 Normal human _ 90 
Silverman 14 Horse serum 64 
Watkins and McKenzie 30 Horse serum 53 


Schwarz 17 Expectantly 81 
Draper 51 Expectantly 69 
Various observers 60 Horse serum 100 
Total treated 182 Percentage of escape 78 
it had best be used in the preparalytie stage; M. J. Rosenau*' considers 
that serum is still experimental and has no value except in the pre- 
paralytie stage. 

The results reported with the use of sera which have been said to be 
valueless are as good-or better than those reported with human immune 
serum, which latter has been found by Flexner and associates to con- 
tain immune principles which will prevent the disease in monkeys. 
The cure with human immune serum remains to be proved, although, 
as others have said, it should be used for the present in the absence of 
any other treatment. 

In a recent paper Draper®? quotes Andrewes,”* who, in dealing with 
filterable viruses, makes the statement that immune serum must be 
present before the virus makes its union with the cell; that if it is to be 
effective, even ten minutes is too late. The anterior horn cells must be 
protected before the virus reaches them. The accompanying diagram 
(Diagram I) is reproduced from Draper’s article. He says that the 
serum may be given intravenously in suspicious cases while waiting for 
the time to introduce it into the spine. It must not be given too soon 
intraspinally, because it is liable to break the barrier of the choroid 


plexus and allow entrance of the virus in a ease which otherwise would 
not develop the nervous symptoms. The time for the intraspinal dose 
is after the piercing of the choroid by the virus and before its union 
with the cell. This time is to be determined by minute observation of 
the patient and repeated spinal puncture. It may be a question of a 


few hours or a few days. 

Flexner and Stewart,’® ** recommend that as a prophylactic measure 
from 10 to 20 ¢.c. of convalescent serum be given subcutaneously to 
children in ease of an epidemic, and that this dose be repeated in four 
to six weeks. This recommendation is made on the basis of experiments 
showing that intravenous immune serum introduced twenty-four hours 
before cerebral inoculation will protect monkeys. 

The first four cases here reviewed were diagnosed as preparalytie 
poliomyelitis and treated with human convalescent serum. 
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Cask 1—(F. L.) <A white male child of ten years developed a severe headache 
while at school. It was so severe that he returned home. During the evening he 
vomited and complained of dull pain in the lumbar region of the spine. He spent 
a very restless night and was unable to sleep on account of the headache and back 
pain, During the first day his temperature was from 101° to 102° F. 

The following day his headache had subsided but the dull back pain persisted. 
The temperature remained between 101° and 102°. He was seen by one of us 
(O. N. T.) at this time and a marked spine sign was noted. He developed a dis 
tended bladder with dribbling of urine on the second day of his illness, which con- 
tinued for seven days, requiring catheterization. 

A spinal puncture was made and a clear fluid under pressure was found. Ex 
amination of the fluid showed a cell count of 163 per cubic millimeter, with 96 per 
cent lymphocytes; globulin one-plus; the sugar 70 mg. per 100 ¢.c.; gold curve, 


2355321110. He was given 30 ¢.c. of human convalescent serum intraspinally and 
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20 e.c. intramuscularly. The next day the spine sign was more marked, a finding 
that is always present after serum is given intraspinally. Five days after the onset 
of his illness he developed weakness of the right thigh flexors. During the follow- 
ing months he made a complete recovery. 

This was a case of poliomyelitis proved by cell count and later paralysis, which 
made a complete recovery following convalescent human serum. The disease was 


suspected when the spine sign was found and was confirmed by spinal fluid findings. 


Case 2.—(P. J.) <A white girl twelve years of age had a chill at school, fol 
lowed by headache. The next day she developed pains in the legs and back. The 
temperature was 102°. There was a marked spine sign. There was a slight diar- 
rhea which cleared up promptly. Poliomyelitis was suspected due to the temperature 
and spine sign. A spinal puncture was made and a clear fluid under pressure 
obtained. The cell count was 251 per cubic millimeter, the globulin one plus, the 
spinal fluid sugar 67 mg. per 100 ¢.c., the gold curve 2234211000. Convalescent 
human serum was given at once, 20 ¢.c. intraspinally and 30 c¢.c. intramuscularly. 
The next day the spine sign was more marked. She made a complete recovery. 
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Here again we find temperature, headache, the spine sign with the suggestive 
spinal fluid findings; treatment followed by recovery. The diagnosis was impos- 
sible without the spinal puncture. 

Case 3.—(M. G.) A white girl of four years had a cold for three days with 
very slight temperature. When seen by us she had a temperature of 103° F., could 
stand up and walk, but showed a marked rigidity of the spine with a slight neck 
There was a peculiar type of respiration at 


rigidity. The throat was slightly red. 
She had a headache and had vomited twice. 


times very rapid and again normal. 
A spinal puncture was made which revealed a clear fluid under pressure, with 46 
cells per cubic millimeter, 65 per cent of which were polynuclears. The globulin 
was two-plus. No organisms were found by direct smear or culture. The gold 
curve was negative. Eight hours later she was given 30 c.c. of human convalescent 
serum intraspinally and 20 e¢.c, intramuscularly. 

The next day the temperature was 101° F., the back and neck were rigid, 
Brudzinski and Kernig’s signs were positive. She was drowsy and had a marked 
This was combated by intravenous glucose solution. 


acetone odor to her breath. 
Her plasma carbon dioxide 


She was vomiting a great deal and was dehydrated. 
was 57.9 volume per cent. 

The following day~-she was better. She was rational and the acetone odor was 
gone from her breath. Fluids and glucose solutions were taken freely. A spinal 
tap was done and 30 c¢.c. of fluid were removed. This had a cell count of 429, 
with a two-plus globulin. There was no growth from the culture. 

The following day she was greatly improved. Kernig’s and Brudzinski’s signs 
were negative, the knee jerks normal, the neck was only slightly rigid, the back 
still quite rigid, no vomiting. The spinal tap was repeated and 15 c.c. of fluid 
were removed, which gave a cell count of 950 per cubic millimeter, globulin four- 
plus, colloidal gold negative. 

The child made a complete recovery. The back rigidity persisted for four to 
five days. 

This ease may have been a preparalytie poliomyelitis, judging from the tempera- 
ture, spine sign and spinal fluid findings. She made a complete recovery without 
paralysis following convalescent serum and repeated spinal drainage. 

Case 4.—(J.M.) <A white female of nine years, who was referred to us with 
the history of having difficulty in walking and of falling. The history was in- 
definite because the child had divided her time between two,homes. Upon physical 
a marked spine sign was present with a slight neck rigidity. The 
spinal puncture was done and a clear fluid recovered 


examination 
temperature was 101° F. A 
a cell count of 146, a marked trace of globulin, spinal sugar of 48 mg., 


with 
While the needle was still in 


Wassermann negative, culture and smears negative. 
place, 20 e¢.c. of human convalescent serum were given intraspinally and 30 c.c. 
intramuscularly. 

The child had a restless night. The following day she was drowsy and the 
spine sign was more marked, as was expected following the use of serum intra- 
spinally. The abdominal reflexes were absent, the knee jerks very active, Babinski’s 
The following day she was alert, and her only complaint was of 


sign was present. 
The temperature was normal. She 


abdominal pain (no findings) and back rigidity. 
made an uneventful recovery without paralysis. 

This ease gave a very unusual history for poliomyelitis, but it was considered 
and treated as poliomyelitis on account of the spine sign and spinal fluid findings. 


In the following three cases the symptoms were those of preparalytic 
poliomyelitis but spinal fluid examinations did not bear out the diag- 


nosis. 
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Case 5.—(F. J.) A white male of five years was seen in the morning. He was 
very drowsy with a temperature of 101° F. There was no complaint. 

Physical examination revealed a drowsy boy with a marked spine sign and noth- 
ing else to explain the temperature. The child was seen again in the evening. At 
this time the temperature was 102°, the spine sign marked with no other findings. 
A spinal puncture was done, which revealed a clear fluid under increased pressure, 
with a normal cell count and a negative globulin test. 

The next morning there was a bloody diarrhea, the spine sign was gone and 
within a few days ihe child was normal. 

In this case the clinical picture was one of preparalytic poliomyelitis, and a spinal 
puncture was necessary to rule it out. The recovery was complete. 

Case 6.—(M.M.) A white female of five years, vomited and ate little. She had 
temperature, but the exact degree was not known. The bowels moved with an 
enema. She complained of abdominal pain. The following day the temperature 
was normal and she felt better. She took food and her bowels moved normally. 
The next day she was stuporous, cross, would not eat, and the temperature was 
103° F. The bowels moved normally and there was no vomiting. Physical exam- 
ination was negative except for rigidity of the back (spine sign). Spinal puncture 
was done which revealed a clear fluid with a cell count of 10, a negative globulin 
test and a quantitative sugar of 94 mg. The culture of the fluid was negative. 
The urine was negative. The blood count was normal. 

The following day she developed diarrhea with a disappearance of the spine 
sign. The recovery was rapid and complete. 

Case 7.—(R. H.) <A white male of ten years began to vomit in the evening. 
He complained of abdominal pain and had a slight elevation of temperature. When 
seen the next morning by one of us (O. N. T.) he was very difficult to examine, 
being very peevish and restless. The physical examination was essentially negative 
except for a marked spine sign and a temperature of 102° F, The child was taken 
at once to the hospital where a spinal puncture was done, which revealed a clear 
fluid with 1 cell per cubic millimeter and a negative globulin. The urine was 
negative, the leucocyte count was 8,300 with 81 per cent polymorphonuclear cells. 
The next day there was a very definite tonsillitis. He made a prompt recovery. 

These three cases revealed findings which were suggestive of preparalytic poli 


omyelitis, and to rule it out spinal puncture was necessary. 


All of the seven cases here presented had the significant symptom 
which indicated lumbar puncture, namely, the stiffness of the back 
or ‘‘spine sign.’’ Not one was able to put his head on his knees as the 
mildly febrile child with other diseases will usually do. 

Two of the last three were cases of meningismus due to definite cause, 
while one, also meningismus, remained undiagnosed. The first four 
had inereased cells and globulin in the fluid and were treated with 
human immune serum from convalescents. Three of these may have 
been cases of mild encephalitis. However, this is the type of ease which 
is diagnosed poliomyelitis in the preparalytie stage when epidemies 
exist. 


One case was undoubted poliomyelitis, since paralysis followed. 


We report these few cases, not as a series, but as examples of the 


watchfulness that seems to us to be necessary in the absence of an 
epidemic, for the spine sign was not evident in any of them unless espe- 
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cially looked for. In the course of an ordinary examination of a sick 
child it is easy to pass this sign by, unless the observer raises the child 
and attempts to flex the back. Or better, if the child is old*enough, to 
ask him to sit up and place his head on his flexed knees. However, the 
absence of other explanation for disease in these cases led us to look for 
the spine sign, and it was the final symptom which gave evidence to 


justify a lumbar puncture. 
CONCLUSIONS 


1. While the experimental evidenee on monkeys justifies the use of 
human immune serum intraspinally and intravenously in the treatment 
of human poliomyelitis, there is no definite proof of its value. The 
tabulated reports make one suspect that it is valueless. 

2. Seven cases are reported to show the importance of the spine sign, 
and the neeessity of examining for it in sick children the cause of 
whose illness is not otherwise evident. We believe that it is often 
overlooked in the absence of an epidemie of poliomyelitis. 
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EARLY ACUTE ANTERIOR POLIOMYELITIS WITHOUT AN 
INCREASE OF CELLS IN THE SPINAL FLUID* 


Sipney QO. Levinson, M.D. 
CuicaGo, IL. 


HE preparalytie stage of acute anterior poliomyelitis has become a 

well established clinical entity. The history, physical examination, 
and neurological findings are usually sufficiently significant to make a 
tentative diagnosis. There is one test, however, which is usually relied 
upon to confirm the diagnosis. This is the examination of the spinal 
fluid secured by lumbar puncture. In order to make a positive diagnosis 
of preparalytic poliomyelitis, even when other simulating conditions 
are ruled out, it has been considered essential to find changes in the 
spinal fluid indicative of mild meningeal inflammation. 

Although it is commonly accepted that the spinal fluid in this condi- 
tion should show an increased number of cells and an increased globulin, 
it is notable that there is a great variation in these spinal fluid findings. 

Draper’ states that in the preparalytie stage, following meningeal in- 
vasion, the pressure is lowered, and there is an inerease in the cell con- 
tent, ranging between 10 and 2,500 per e.mm. At the earliest period the 
cells are chiefly ‘‘polynuclears,’’ but within twenty-four to thirty-six 
hours, lymphocytes comprise over 90 per cent of the cells. The globulin 
also becomes definitely inereased. There was one group to which he 
ealled particular attention, a group in which the cell count was quite 
low, usually under 100 per ¢.mm.; and in which the course of the disease 
was quite mild. In the New York epidemic of 1916? the cell content of 
the spinal fluid ranged between fifteen and twenty and 1000 per ¢.mm. 
Ayeoek and Luther*® report the spinal fluid to be under moderately in- 
creased pressure, the cell count 50 to 250 per e.mm. and the globulin 
inereased. Wardner D. Ayer* finds the average cell count to be 350 
cells per ¢.mm.; slightly increased pressure of the fluid and an increased 
globulin content. Various reports indicate that the spinal fluid returns 
to normal at a varying interval (four to fourteen days) after paralysis 
has developed. 

In our series of 130 cases of acute anterior poliomyelitis (reported 
elsewhere) +t including 65 that were observed in the preparalytie stage, 
our findings conformed to those just reviewed in almost all the cases, 


the cell count usually being between 50 and 250 per e.mm. However, 


*From the Samuel Deutsch Convalescent Serum Center, Michael Reese Hospital, 
Chicago. 
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of particular interest and significance were five cases, in which, although 


the clinical findings pointed to acute anterior poliomyelitis, the spinal 
fluid showed only an inerease in globulin but not an increase in cells. 
All of these patients disclosed muscle weakness at the initial examina- 
tion, or subsequently developed a temporary or permanent paralysis of 
the type seen in poliomyelitis. Im Case 1, the clinieal picture was so 
strongly suggestive of poliomyelitis because of the muscular weakness 
and absent reflexes, that despite the failure to find an increased cell 
count in the spinal fluid, we were tempted to administer serum. How- 
ever, and to our later regret, the absence of cells caused us to delay 
therapy for twenty-four hours, until a second lumbar puncture did 
show an increased cell count (of which 45 per cent were mononuclear 
cells). By this time actual paralysis had developed. 

After this experience we became more alert for those cases seen so 
early in the preparalytie stage that sufficient meningeal involvement had 
not occurred to cause a cellular response in the spinal fluid. We also 
were forced to realize that even in the late preparalytie stage, the men- 
ingitis may at times be so slight that no cellular increase is produced, 
although practically always an inereased globulin is found. A brief 
résumé of the five cases follows. Normal findings are omitted. 


Case 1.—S. R., female, aged three was admitted to the hospital with a history 
of pain in the legs for four days and inability to walk. There was no history of 
contact or of recent illness. For twenty-four hours the patient had diarrhea and 
complained of pain in the back of the neck. 

Examination revealed a normal temperature, slight neck rigidity, limited motion 
in the lower extremities with muscular pain on movement, absent knee jerks and 
absent ankle jerks. The spinal fluid was clear, containing 4 lymphocytes per ¢.mm. 
and increased globulin (Ross-Jones test). 

The following day the spinal puncture was repeated because of a marked in 
crease in the weakness of the lower extremities and at this time there were 186 
cells, 55 per cent polynuclears and 45 per cent mononuclears. Convalescent serum 
was then administered both intraspinally (20 ¢.c.) and intravenously (60 ¢.c.). 

This ease progressed to a complete paralysis of both lower extremities, and 


partial paralysis of the muscles of the back. 


Case 2.—K. D., female, aged twenty-two months, was admitted with a history 
of onset twenty hours previously with vomiting, weakness of the legs for eight 
hours when walking, and pain in the right thigh. There was no history of recent 
illness or of contact. One brother, thirteen years old, was well. 

The temperature was 100°, pulse 120, and respirations 22. Examination revealed 
only a slight tremor of the extremities, hyperactive knee jerks, some weakness of 
the right thigh against resistance, and to a less extent, some weakness of the left 
thigh. 

Spinal puncture revealed a clear fluid, with a cell count of 6 per ¢.mm. and a 
positive globulin (Ross-Jones test). 

Convalescent serum was administered both intraspinally (20 ¢.c.) and intra 
venously (60 ¢.c. 

The tremor and brisk knee jerks persisted for several days. Within five days 


there seemed to be complete recovery with disappearance of fever and muscular 
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weakness. The spinal fluid at the end of five days contained only 4 lymphocytes 
per cu. mm.; the globulin was still positive. 

CasE 3.—T. M., female, aged twelve, had been ill for two days before admission 
with a sore throat, followed by headache and stiff and aching legs. There was no 
history of recent illness or contact, and one other child in the family had been 
well. On the day following the onset of the illness a physician observed an injected 
throat and fever. The headache and pains in the legs had increased and there 
also developed dull pain in the back and in the back of the neck. 

The admission temperature was 100.6° (mouth), pulse 104, respirations 24. The 
patient, though not toxic, had a flushed face with a perioral pallor and the throat 
was injected. Although there was no cervical or back rigidity, there was a head 
drop, tenderness in the back, back of neck, both thighs, and left leg. There was 
limitation of movement due to pain, but no obvious weakness. The knee jerks were 


exaggerated, and a contralateral Oppenheim and left Chaddock were present. Both 


upper and the right lower abdominal reflexes were absent, the left lower weak. 


The spinal fluid was clear, under increased pressure, showed a cell count of 6 per 
e.mm. (5 lymphocytes, 1 polynuclear) and a faintly positive Ross-Jones test. 

Serum was administered both intraspinally (20 ¢.c.) and intravenously (60 c¢.c.). 

In the next few days, weakness of the dorsiflexors of the feet and abductors of 
the left lower thigh developed, but the temperature rapidly dropped to normal and 
at discharge two weeks later, the weakness had disappeared. 

Case 4.—A. P., female, aged nineteen years. The patient was well until the 
development of a sore throat with pain in the back and generalized aching muscles. 
There was also some temperature. The following afternoon the neck became stiff 
and this lasted for three days. The pain and tenderness of the muscles had become 
progressively worse until the time of examination, five days after onset. 

At this time, the temperature was 100° F. by mouth, pulse 110, and respirations 
20. There was no cervical rigidity, but the back was resistant. There was marked 
tenderness and pain of all the extremities, particularly the forearms. There was 
no frank paralysis, but there was some weakness of the flexors and extensors of 
both forearms, the flexors and abductors of the left hand, extensors of the thighs 
and of the left foot. The degree of weakness could not be accurately determined 
hbeeause of the muscle pain produced by motion against resistance. The triceps 
jerks were absent, the wrist jerk very weak on the left, brisk on the right, and the 
abdominal reflexes very weak to absent. 

The spinal fluid was under increased pressure, clear, containing 4 cells per ¢.mm. 
(lymphocytes) and showed a definitely increased globulin (Ross-Jones test). 

Serum was administered both intraspinally (20 ¢.c.) and intravenously (60 ¢.c.). 

The temperature dropped to normal in twenty-four hours. A foot drop on the 
left side, and paresis of the right hand developed. One month later, there was 
still residual weakness of the right forearm and hand to flexion and extension, and 
of the left foot to dorsiflexion. The patient was ineapable of performing these 
movements against any resistance, 

Case 5.—J. G., male, aged five and one-half years, gave a history of exposure to 
a ease of anterior poliomyelitis in the school. The child became ill with pain in 
the back of the head, vomiting, and fever. He was admitted twenty-eight hours 
after onset of the illness, and at this time had a temperature of 100° F. (rectal), 
a pulse of 156, and respiratory rate of 28. The patient was prostrated and 
irritable. There was a slight perioral pallor. There was a marked head drop, 
slight resistance of the neck, and definite stiffness of the back. There was muscle 


tenderness in both forearms and thighs, a tremor of the lower extremities, but no 
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apparent weakness was discernible. All the reflexes were brisk, except the knee 
jerks, which were elicited with difficulty, and the abdominals which were absent. 
There was a bilateral Oppenheim. 

The spinal fluid was clear, contained 6 cells (lymphocytes) per c.mm. and showed 
a trace of globulin. Serum was administered both intraspinally (20 e¢.c.) and 
intravenously (60 ¢.c.). 

The following day, the temperature was normal, the child much brighter. The 
knee jerks could not be obtained. There was still a positive Oppenheim and a 
positive Chaddock on the right side. No frank paralysis developed. 

A careful and thorough muscle examination performed two months later dis- 
closed definite evidence of muscle involvement. There was diminished power in the 
abdominals, the right gluteus maximus, and the flexors of the toes, more marked 
on the right. The measurements of the right leg were slightly less than the cor- 


responding measurements of the left leg. 


A number of other patients were seen, who seemed most likely to be in 
the preparalytie stage of anterior poliomyelitis, but whese spinal fluid 


showed no inerease in cells, although some had an increased globulin. 
Most of these were given serum and went on to an uneventful recovery, 
without the development of any paresis. A brief account of two such 
eases follows: 


Case 6.—R. O., male, aged nine years, became sick with a sore throat, a chill 
and fever, vomiting, and some constipation. The child had not been ill recently 
and had two brothers, aged ten and twelve, who were well. There was no history 
of contact. The child in two days developed a moderate headache, pain in the 
back and back of the neck, and slight stiffness of the neck. Examination revealed 
a moderately sick flushed child with a temperature of 102° F., an injected throat, 
slightly rigid neck and back, with tenderness in these areas. There was a tache 
cerebrale. There was no impairment in muscle strength and the reflexes were all 
normally present except the left knee jerk which was diminished. The spinal fluid 
was clear, under markedly increased pressure, contained 5 cells per e.mm. and 
definitely increased globulin (Ross-Jones test). 

Serum was administered both intraspinally and intramuscularly within twenty- 
four hours of the onset of meningeal symptoms. The following day both knee 
jerks disappeared, but the temperature dropped rapidly to normal and the child 


made an uneventful recovery without development of muscle weakness. 


Case 7.—J. H., female, aged seven years, became sick with a sore throat, 
moderate fever and some constipation. The child had been well and two other 
children in the family were in good health. This child had been exposed, though 
not intimately, to another child in school who had developed acute poliomyelitis. 
Within the next two days, the patient developed headache, pain in the legs, neck, 
and side of the chest. 

Examination revealed a moderately sick child with a temperature of 102° F. 
The throat was injected and there was some exudate present. There was slight 
rigidity of the neck, more obvious rigidity of the spine, and tenderness of the back 
and back of the neck. A tache cerebrale was present. There was no muscle weak 
ness and the reflexes were normal except for the right knee jerk which was obtained 
with difficulty. The spinal fluid was under increased pressure, clear, showed no 
increase in globulin and contained 7 cells per ¢.mm. Serum was administered both 
intraspinally and intramuseularly. The child made a rapid and uneventful re 


covery without developing any other findings or any paresis. 
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Although we had a number of such eases, wishing to be conservative, 
we did not include them in our group of preparalytic poliomyelitis in 
the absence of the confirmatory spinal fluid changes and the failure to 


develop muscle weakness. Beeause we felt that this condition was prob- 


ably present, these patients were treated with convalescent poliomyelitis 
serum. There might be a tendency to place such cases in the **abortive”’ 
group, but with the presence of meningismus, and the clinical evidence 
of cord disturbance, these cases cannot be classed under what is com- 
monly accepted as abortive poliomyelitis, but really should be considered 
as early instances of preparalytie poliomyelitis without cellular increase 
in the spinal fluid. 

Cases of acute anterior poliomyelitis have been reported in which the 
eell count of the spinal fluid has been normal. Clarke and Dow’ re- 
port a ease in which the spinal fluid obtained within twenty-four hours 
of development of flaccid paralysis of the right arm, contained 2 cells 
per e.mm, with a faint trace of globulin. Collier® reports 2 cases of non- 
paralytic poliomyelitis, in which he specifies that there were normal 
spinal fluids during the period of the acute illness, although one subse- 
quently developed the findings that are characteristic of the fluid in 
poliomyelitis (similar to our Case 1). Collis’ in discussing some un- 
usual eases of poliomyelo-encephalitis, records 2 cases in which palsies 
had developed, but the spinal fluids, aside from increased pressure, were 
quite normal. Macnamara and Morgan* in reporting 133 cases of pre- 
paralytic poliomyelitis treated with convalescent serum, have records 
of the spinal fluids in 115 eases. Of these, 3 had a cell count under 
10; 2, in which the fluid examination was delayed, had a count of 8 and 
subsequently developed paralysis. The third case, a four-year-old girl, 
whose brother had developed paralysis the day before onset of her ill- 
ness, had a temperature of 101°, headache, a spine sign, Amoss’s 
sign, and was irritable and delirious. The fluid in this ease showed a 
cell count of 5 per e.mm. (lymphocytes) and an inereased globulin. The 
child was treated with serum both intraspinally and intravenously and 
recovered without subsequent paralysis. A normal number of cells in 
the spinal fluid in obvious eases of poliomyelitis has been reeorded by 
other observers, but no particular emphasis had been placed upon this 
occurrence, 

Meals and Bower® have recently reported a series of poliomyelitis eases 
in which they point out that contrary to current medical opinion, 12.8 
per cent of their eases whieh showed characteristic neurologie findings 
had spinal fluids that eytologically were normal. They assert that ‘‘oe- 
easionally the spinal fluid was entirely unchanged, especially in the mild 
infections, and a diagnosis then had to be made on clinical findings 
alone. Also in the early systemie preparalytie phase of the disease, the 
spinal fluid findings were frequently negative and misleading, and we 
learned in questionable cases to defer puncture (but not treatment) 
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until some clinical evidence of neurologic involvement, principally 
changing or asymmetrical reflexes or painful anteflexion of the spine 
was present.’’ To our knowledge, this is the first time that this find- 
ing is emphasized, and its relatively frequent oceurrence is stressed. 
In the effort to report only indisputable cases, we excluded from con- 
sideration all those cases in which the spinal fluid cell count was normal 
and in which no evidence of paralysis appeared. There were still 5 cases 
in our series of 130, which we were obliged to include, despite the normal 
spinal fluid cell count, because the development of muscular weakness 
assured us we were dealing with poliomyelitis. Considering only these 
5 eases, they comprise 3.9 per cent of our total group. If we were to 
add those eases that have been eliminated because of failure to develop 
paralysis the figure would approximate that given by Meals and Bower. 

It is of some interest, in this connection to consider the study on the 
preparalytic stage of experimental poliomyelitis produced in monkeys. 
There is a definite period, from five to eight days after intracerebral 
inoculation of the virus, that is recognized as the prodromal stage’ "' 
and is analogous to the preparalytie stage that is seen in man. This is 
characterized by restlessness and excitement, occasionally by marked 
apathy, ruffled fur and tremor, Harmon, Shaughnessy, and Gordon" 
made a study of the temperature, blood, and spinal fluid during this 
prodromal period and an analysis of the latter reveals some interesting 
facts. In norma! monkeys they found that in 83 per cent the cell count 
was between 33 and 77 per ¢.mm., although there was a range from 
16 to 132, and the Ross-Joss test was negative. Consequently, they con- 
sidered a fluid pathologie when it had 150 cells per ¢.mm. and over, 
or 100 to 150 per e.mm. in the presence of a positive Ross-Jones reac- 
tion. On this basis, they found the following changes in the cerebro- 
spinal fluid in 18 monkeys during the course of the experimental dis- 
ease. All the spinal fluids examined were nornial until the third day 
before onset of paralysis. Three days before paralysis, 50 per cent of 
the fluids counted were positive. Two days and one day before paraly- 
sis, 16 of 18 monkeys examined on each day had fluids that could be 
considered pathologic, 2 of each group apparently having a normal 
fluid. This gives a figure of 11 per cent that had no pathologie spinal 
fluid even 24 hours before paralysis. On the day of development of 


paralysis, all the fluids were positive, but of those examined one day 
after paralysis, there was 1 out of 11, even at this late stage, in which 
the fluid was not pathologic. If the prodromal period in monkeys can 
be considered analogous to the preparalytic stage in man and the ex- 
perimental disease to the human disease, then these experimental find- 
ings may be considered as evidence that a pathologic spinal fluid is not 
a constant accompaniment of the disease, particularly in the prepar- 


alytie stage. 
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A brief consideration of the pathology of early poliomyelitis is neces- 
sary in order to arrive at an explanation of the marked variance of 
spinal fluid cell count, and satisfactorily to reconcile a normal spinal 
fluid with the disease in the preparalytie stage. A conception of the 
mechanism of the meningeal reaction with its corresponding spinal fluid 
change is clarifying. In the physiology of the central nervous system 
and drainage of tissue fluids, the normal direction of flow is centrifugal 
along the perivascular spaces from the center of the cord to the menin- 
ges, and any marked accumulation of cells in these spaces is discharged 
into the pial meshes. Harbitz and Scheel" noted pial inflammatory 
changes in areas corresponding to involved regions of the eord, but sinee 
they found areas of meningitis without subjacent cord changes, they con- 
cluded the meningitis to be primary. This consideration was also ex- 
pressed by Wickman," Schreiber,’® ete., Amoss,"* relatively recently, as- 
serted that the meningeal reaction was probably the first lesion of the 
disease. 

The postulate that meningitis is the primary lesion in poliomyelitis 
is based upon pathologic examination of fatal cases in man. Even where 
such eases were early, they were rapidly progressive and relatively ad- 
vanced, certainly beyond the period that can be designated as pre- 
paralytic. Walter’’ maintained that pial changes and cord changes 
were independent, and contrary to the former opinions, if there was 
any correlation it was reversed, for the degree of inflammatory change 
in the cord diminished as the surface was approached, and certain areas 
showing severe cord involvement disclosed no pial inflammation. 
Schréder,’® taking into consideration the physiology of fluid drainage, 
expressed the feeling that pial infiltration may be merely a discharge 
of cells from overdistended perivascular spaces. In a study of the 
histology of experimental poliomyelitis, F. Weston Hurst*® found that 
in the stage of advancing paralysis, in many eases pial infiltration was 
insignificant until a fairly late stage, and that it was not always ob- 
served at all levels where definite changes were present in the cord. He 
concluded that meningitis was not a necessary feature of the disease, 
and, in his study, it was only oceasionally definite in the early stages. 
In a further study upon the pathogenesis of, and propagation of the 
virus in, experimental poliomyelitis, Fairbrother and Hurst *° stated 


that poliomyelitis begins as a primary degeneration of nerve cells ae- 
companied by inflammation in the interstitial tissues, and, as Sehréder 
emphasized, meningeal infiltration occurs only where an infiltrated ves- 
sel reaches the surface and evidently is due, not to a primary meningitis, 
but to an overflow of inflammatory cells from the distended and en- 


gorged perivascular spaces of the deeper vessels. 

This conception of the production of meningitis in poliomyelitis may 
explain the marked variability of the cell count of the spinal fluid, 
and also of the slight or negative findings in the spinal fluid of certain 
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eases in the preparalytic stage. This realization, we believe, does not 
narrow the usefulness of a spinal fluid examination when poliomyelitis 
is suspected, but broadens the field for early diagnosis in the pre- 
paralytic stage. 

It is readily conceivable that during the first advance of the disease 
process to the central nervous system, there are changes which are mani- 
fested by those clinical findings that we are accustomed to interpret as 
poliomyelitis; i.e., muscle pain and tenderness, altered reflexes, and 
changes in muscle strength. However, until the inflammatory reaction 
in the cord becomes sufficiently severe to pour cells from the perivas- 
cular spaces into the pial meshes, an inerease of cells in the spinal 
fluid is not to be expected. It was noticed in most of our cases that an 
increased globulin existed, and this change presumably preceded the 
increased cell count, but a completely normal spinal fluid is still eom- 
patible with early preparalytie poliomyelitis at a period when nerve 
cell disturbance can be recognized by the clinical manifestations. 

From our experience, and from a consideration of the experimental 
disease from clinical, physiologic, and pathologie aspects, we feel that 
the increased cell count of the cerebrospinal fluid, although reliable be- 
cause of its frequency is not infallible, for it is not a constant accom- 
paniment of preparalytie poliomyelitis. Therefore, those eases that 
vive clinical and neurologie evidence of this disease, but in which the 
spinal fluid does not reveal confirmation, should, nevertheless, be treated 
as cases of preparalytie poliomyelitis. Most of our cases were treated 
by serum, both intratheeally and intravenously (as we treated all cases 
of preparalytic poliomyelitis) and we did not observe any marked 
advance of the process such as might be caused by, and attributed to, 
harmful effeet of the serum given intratheeally. If there is any fear 
of administering intrathecal convalescent serum, because of the theoret- 
ical danger of disrupting a meningochoroidal barrier that may still be 
intact, the serum, in large doses, 80-100 ¢.c., should be given intra- 
venously. It is hazardous to wait until the spinal fluid becomes positive, 
for delay defeats the purpose of serum therapy, which seems to be of 
greatest value in the very early stages of the disease. 

CONCLUSIONS 

1. In poliomyelitis, cord involvement precedes meningeal inflamma- 
tion and the accompanying increase of cells in the spinal fluid. 

2. Cases of preparalytie poliomyelitis may occur in which there is 
clinical manifestations of cord disturbance without the production of 
inerease of cells in the spinal fluid. 

3. Five such eases developing confirmatory paresis, are reported. 

4. These patients should be given the treatment for typical pre- 
paralytic poliomyelitis. 
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BLOOD GROUPING IN POLIOMYELITIS* 


E. B. Suaw, M.D., H. E. THetanper, M.D., anp K. Kiiearirr, M.D.t 
San Francisco, Cauir. 


UMEROUS hypotheses regarding the factors responsible for im- 
munity and susceptibility to poliomyelitis in those who present no 
history of attack by the disease have led to investigations of the sub- 
ject. That immunity and susceptibility are constitutional factors which 
may be linked to other reeognizable variations in constitution has been 
suggested by the work of Draper,' Jungeblut and Engle* and others. 
A constitutional factor which might logically be expected to bear 
some relationship to other specific immunologic properties of the in- 
dividual is found in blood grouping. The Hirszfelds,* with their collabo- 
rators, have carried out extensive investigations into the possible linkage 
of blood grouping and immunity to specifie infection. They have shown 
that blood groups are transferred from parents to children according 
to definite Mendelian laws and that the transfer of the eapacity for 
immunity and of susceptibility to certain infections, notably to diph- 
theria and scarlet fever, passes from parent to offspring in a manner 
paralleling the transfer of blood grouping. 

Although Ayeock has introduced evidence indicating passage of im- 
munity from mother to child' there have been reported no attempts to 
show the passage from parents to offspring of the capacity for immunity 
or susceptibility along with the transfer of isoagglutinins in accord with 
the principles enunciated by the Hirszfelds. 

Recently others have endeavored, however, to show a direct relation- 
ship between blood grouping and immunity to -poliomyelitis. Grooten 
and Kassovitch® reported blood group determinations in 78 cases of the 
disease occurring in an epidemie of the lower Rhine district during 1930. 
(n the basis of this series they conelude that (Moss) Group IT (Land- 
steiner ‘“‘A’’) has a relatively high degree of susceptibility to polio- 
myelitis; Group IV (‘‘O’’), the other group of frequent occurrence, 
showing relatively less susceptibility. Their figures are given in the 
table below. They found no representative Group I (‘‘AB’’) among 
their cases, but made no comment on this finding. 

A preliminary report of Jungeblut and Engle? presented evidence 
that those belonging to Group IIT (‘‘B’’) are apparently more resistant 
to this infection than members of the other three groups and that serum 


*From the Department of Communicable Disease, Children's Hospital and the 
ediatric Department of the University of California Medical School. 

Received for publication, Aug. 8, 1932. 

fResearch Fellow of the Fleischner Fund for the Study, Prevention and Treatment 
of Communicable Diseases in Childhood. 
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of convaleseents in this group has greater viricidal effects than that 
from individuals of other blood groups. 

If, as these two reports seem to indicate, there is a direct relation- 
ship between immunity or susceptibility to poliomyetitis and such an 
easily determinable constitutional factor as blood group, it seems de- 
sirable that observations be extended to a larger series of cases whereby 
the truth or fallacy of these conclusions may be readily ascertained. 

In accord with the purpose of adding to such study, 100 cases in the 
San Francisco epidemic of 1930 were grouped and are tabulated below. 
These cases included both children and adults and those who were 
acutely ill as well as those who were convalescent. A few were fatal 
cases, In this series the representation of Group IT (A) and Group IV 
(O) was found roughly to be within expected limits, although Group IV 
seemed somewhat commoner in active eases. Group III was found only 
slightly less frequently than the figures usually given as normal and 
comparisons in the viricidal power of the various serums as suggested 
by Jungeblut and Engle,? were not undertaken. Curiously in accord 
with the observations of Grooten and Kassovitch,® there was also found 
a complete lack of Group I (*‘AB’’) in our series. 

Since complete absence of representatives occurred in both these 


series in the blood group which is normally smallest it will not be sur- 


prising if extended observations should produce normal representation 


in this group. It is nevertheless striking that in both series, from 
widely separated localities there was complete absenee of Group I. 

In an effort to determine the expected distribution of blood groups 
in a similar loeal series, 100 well babies, hospital patients and nurses, 
were typed and the results are indicated in the table. There is further 
added to the table the distribution of blood groups in 151 transfusions 
donors listed at the University of California Hospital and the Chil- 
dren’s Hospital, San Francisco. Several standard normal series are 


also included in the table for comparison. 


TABLE [I 


I 
NO. OF CASES 
=< | (AB) 


Authors’ poliomyelitis series. 100 0% 
Authors’ control series. 100 
U. C. H. and C. H. donor series. 151 
Grooten §& Kassovitch poliomyelitis series. 100 
Grooten & Kassovitch nonpoliomyelitis series. ? 
Normal control 1931 Alsace. 400 
Standard normals: (6) 
Moss original series 1600 
Culpepper and Ableson 5000 
Kaisner 500 
‘*European’’ norm. (Moss) 8000 
9000 
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COMMENT 


These observations are presented without conclusions beeause of the 
small series studied. It would be hazardous to propose that any correla- 
tion exists between the possession of both blood group agglutinogens 
and ‘‘natural’’ immunity to poliomyelitis. If there is any relation- 
ship between blood grouping and immunity or susceptibility to polio- 
myelitis it will be proved only by extensive study, preferably by com- 
pilation of results from different localities so that racial factors and 
local peculiarities of distribution may be properly taken into account. 
The evidence suggested by this series, in agreement with that of Grooten 
and Kassovitch, is that Group I (‘‘AB’’) is less susceptible to polio- 
myelitis. 


SUMMARY 


1. A determination of blood groups in 100 eases of poliomyelitis in 


San Francisco is presented together with a review of a similar study 


of 78 eases studied in the lower Rhine district. Several normal groups 
are included for comparison. 

2. In neither of these series were there encountered any representa- 
tives of Group I (Landsteiner Group ‘‘AB’’). 

3. The representation of the other blood groups was within fairly 


normal limits. 
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THE DIAGNOSTIC VALUE OF THE LEVINSON TEST* 


CHARLES R. Messe.vorr, M.D. 
New York 


AX A RULE the diagnosis of tuberculous meningitis offers no diffi- 
culty. Occasionally, cases are encountered where the signs and 
symptoms are suggestive but are not definite enough to establish the 
diagnosis. In cases of this type special laboratory procedures, of which 
the finding of tubercle bacilli in the cerebrospinal fluid is most conelu- 
sive, are utilized. However, it is so difficult to demonstrate these 
organisms in the fluid that negative results are of questionable value. 

Less difficult but less conclusive are the many other tests that have 
been proposed both to establish and to rule out this diagnosis. At 
times the quantitative estimation of the cerebrospinal fluid sugar or 
chlorides may offer valuable information, but often it leaves us in a 
quandary. In a similar class are reactions like the permanganate index 
or the colloidal gold reaction. Furthermore, they all have the dis- 
advantage of requiring special laboratory technic and apparatus. 
Obviously, a simple test with a reliable easily-read end-result that 
appears within a short time would be very useful. 

These requisites are satisfactorily filled by the Levinson or the 
sulphosalicylic-mereurie test.t During the past year I have had the 
opportunity of utilizing it both as a means of confirming a diagnosis 
of tuberculous meningitis and, what is of equal importance, as a 
means of ruling it out. The results have been satisfactory and it was 
thought advisable to call attention to the value of the test onee again 
and to urge its more frequent use. 

The mechanism of the test is not definitely established but appears 
to be based on physicochemical changes, most likely variations of the 
Il-ion concentration in the cerebrospinal fluid. Normal fluid, if ex- 
amined immediately after its withdrawal from the body, has a H-ion 
concentration which expressed in terms of Py ranges from 7.4 to 7.6. 
A similar value is obtained with fluids from cases of tuberculous men- 
ingitis. On the other hand, the Py, of fluids derived from meningo- 
cocecus meningitis patients has a slightly higher value; the average 
being 7.3 immediately after removal from the body. 

This difference in the Py of the cerebrospinal fluid in the two types 


of meningitis is sufficiently marked to influence the electrical charges 


*From the Pediatric Department of Mount Sinai Hospital, Service of Dr. Bela 
Schick. 

Submitted for publication, Avril 28, 1932 

*The tryptophan test of Furth and Nobel is also claimed to be useful and easily 
applicable. I have had no experience with it 
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of the dissolved proteins.* Thus it was found* that the fluid in tuber- 
culous meningitis possesses a definite preponderance of negatively 
charged proteins while that in meningococcus meningitis contains 


mostly eleetropositive proteins. In normal fluid the proteins are small 


in amount and of varying charge. 

Furthermore, Tashiro and Levinson*® proved that it was possible to 
show the presence of the differently charged proteins in the two 
pathologie conditions by adding suitable precipitants to the cerebro- 
spinal fluid. In this way the electronegative protein in tuberculous 
meningitis fluid are thrown out of solution by the addition of such 
positively charged metallic precipitants as copper sulphate, zine chlo- 
ride, or mereurie chloride; while the electropositive proteins in men- 
ingococeus meningitis fluid are precipitated by negatively charged 
alkaloidal precipitants: tungstie, picric, tannic, or sulphosalicylie acid. 

Choosing a 1 per cent solution of mercuric chloride as the metal- 
lie precipitant and a 3 per cent sulphosalicylic acid as the alkaloidal 
precipitant, Tashiro and Levinson investigated the amount of sediment 
in the fluids from the two types of meningitis. They found that in 
tuberculous meningitis the precipitate in the mereuric chloride tube, 
if measured in millimeters, was 2 to 3 times the amount in the sulpho- 
salicylic acid tube. The reverse was found in meningocoeccus menin- 
gitis. These findings are the basis of the Levinson test. 


METHOD 


The reagents and apparatus are easily obtained. It has been found that a 2 


per cent mercuric chloride and a 3 per cent sulphosalicylic acid solution give the 
best results. Special flat-bottomed tubes graduated on one side to 0.5, 1, and 2 e.c. 
and marked on the other side in millimeters are desirable but not essential. These 
tubes facilitate the introduction of the correct amount of reagents as well as the 
final reading of the results. 

Either 0.5 or, preferably, 1 ¢.c. of cerebrospinal fluid (depending on the amount 
available) is placed in each of two tubes and an equal amount of mercuric chloride 
is added to one, and of sulphosalicylie acid to the other. The resultant precipitates 
are characteristically different: That in the sulphosalicylic tube forms immediately, 
is coarse, dense, and opaque; while the mercuric chloride sediment appears slowly, 
is fine and fluffy. The tubes are now tightly stoppered, shaken and placed in a 
rack at room temperature. After an interval of about 20 to 22 hours the tubes 
are again shaken in order to dislodge any precipitate that may have adhered to the 
sides. The final result can, as a rule, be read after 24 hours, rarely not until 48 
hours but not infrequently within 12 after setting up the test. 

In tuberculous meningitis the precipitate in the mercuric chloride tube varies 
from 6 to 20 mm. while that in the sulphosalicylic acid tube is from 2 to 6 mm. 
high—the characteristic ratio between the two sediments being 2:1 or 3:1. The 
converse is found in meningococcus meningitis, the sulphosalicylic precipitate 
measuring 2 to 3 times that of the mereurie chloride. A ratio similar to that of 


*The electrical charge (i.e., the positivity or the negativity) of the protein mole- 
cules in a solution is determined by the reaction of the medium: the proteins being 
electronegative in alkaline solutions and positive in an acid one. 
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tuberculous meningitis is obtained in fluids from cases of cerebrospinal syphilis. 
The 2:1 ratio is therefore only characteristic but not pathognomonic for the former 
condition. 

In evaluating the results I have set up the arbitrary standard of not consider 
ing the test positive for tuberculous meningitis unless the amount of the precipitate 
in the mercuric chloride tube is more than 5 mm. and that in the sulphosalicylic 
acid, more than 1 mm. Of the two the height of the mereurice chloride precipitate 
has been found to be of greater diagnostic importance, and hence a test is con- 
sidered negative when the bichloride sediment is less than 5 mm., no matter what 
the ratio it bears to the sulphosalicylic precipitate. On the other hand, the test is 
positive if the mercuric chloride precipitate measures 5 mm. or more even though 
that in the sulphosalicylic tube is 1 or less. 

If less than these minimal amounts are present the result is considered either 
negative or at most equivocal, and this, even though the characteristic ratio of 2:1 
or 3:1 is found. Sediments measuring less than the above have not necessarily a 
pathologic significance. Quite to the contrary, they indicate that the meninges have 


not been invaded by the tubercle bacilli. 


DISCUSSION 


Since 1917 when the test was first published several reports have 


appeared in the literature dealing with its value as a diagnostic aid 


in the various meningitie processes. Levinson' himself has employed 
the test in many hundreds of cases and has found it to check very 
satisfactorily with the final diagnoses. Equally encouraging are the 
conclusions of Pons and Fletcher* who have reported the test to be 
correct in 19 out of 20 cases of tuberculous meningitis—the result, 
as a rule, being available before the tubercle bacilli could be found 
in the spinal fluid. Peterman, too, has described the test as a ‘‘most 
valuable diagnostic aid in tuberculous meningitis. ’’ 

Karnash,® in a review of the various tests on cerebrospinal fluids, 
stated that ‘‘a few of these, such as the Boltz, Levinson, and Kafka 
reactions, are relatively new and extremely valuable as routine tests.’’ 
A similar opinion was expressed by Meyers.’ 

On the other hand, the report of Giardano and Ableson® is less 
enthusiastic. They conclude from a study of 23 spinal fluids obtained 
from 17 proved cases of tuberculous meningitis that ‘‘The percentage 
of false reactions in the Levinson test is too high to be of positive 
diagnostie aid in tuberculous meningitis.’’ However, a study of their 
cases reveals that in two of the three false negative reactions, a 1 per 
cent mereuric chloride solution was used. Duplicate tests with the 
same specimens but using a 2 per cent mercuric chloride solution 
resulted in characteristic ratios and were therefore of diagnostic value. 
Furthermore in the third case, subsequent tests gave the character- 
istic ratios for tuberculous meningitis. 

In my experience the results of the tests have been most satisfac- 
tory. In all, 22 spinal fluids were examined. These were obtained 
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from 17 patients, 15 of whom were admitted with a tentative diag- 
nosis of tuberculous meningitis. One ease (No. 3) was suspected of 
having tetany and an upper respiratory infection. (Table I.) 


TABLE I 


AMOUNT OF PPT: 
NO. NAME ADMISSION DIAGNOSIS — etetesinanell FINAL DIAGNOSIS 
CURIC | SALICYLIC 
CHLORIDE ACID 
Tubereulous meningitis 3. 0.5 Upper respiratory infee- 
tion; meningismus 
Tuberculous meningitis 3. 1.5 Encephalitis 
1.0 
Neurologically normal 3. 1.0 Normal child 
Tuberculous meningitis 6.0 Tuberculous meningitis 
7.0 
Tuberculous meningitis . 1.0 Upper respiratory infee 
tion; meningismus 
Tuberculous meningitis | 2.0 Tuberculous meningitis 
Tuberculous meningitis? i 1.5 Normal neurologic status 
Tuberculous meningitis 3.0 Influenzal meningitis 
Encephalitis 9. 3.0 Tuberculous meningitis 
Tuberculous meningitis 
Upper respiratory infee 3. 1.0 Upper respiratory infec 
tion. Tetany | tion 
Tuberculous meningitis : f Tuberculous meningitis 
Tuberculous meningitis J J Polioencephalitis 
Tuberculous meningitis ; : Tuberculous meningitis 
Tuberculous meningitis 
’.|Tubereulous meningitis? : Influenzal meningitis 


Tubereulous meningitis Encephalitis 

Encephalitis 

Tuberculous meningitis 2. d Polioencephalitis 

Encephalitis 

Polioencephalitis 

Upper respiratory infec 5. Tuberculous meningitis 
tion and sinusitis 

Tubereulous meningitis? 


The ultimate course of events proved that only six of the fifteen 
suspicious cases had tuberculous meningitis. In every one of these 
six cases the Levinson test, done soon after admission, gave the char- 
acteristic ratio. On the other hand, in every instance where the 
reactions were found to be negative the nature of the disease proved 
to be nontubereulous. To judge from the results of this series, a 
negative result is as valuable as a positive one and may be used as an 
aid in ruling out the presence of a tuberculous meningitis. 


Unquestionably, the test is useful in those obscure cases where the 


symptoms and signs point to a meningeal process, but where the etiol- 


ogy is uneertain. Various diagnoses are suggested such as tubereu- 
lous meningitis, brain abscess, encephalitis, polioencephalitis or serous 
meningitis. It is at such times that the clinical picture even when 
aided by the usual routine examination of the cerebrospinal fluid ean- 


not decide the diagnosis. Here, the Levinson reaction may be used to 
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good advantage. It should, however, be strongly emphasized that the 
result must always be evaluated in conjunction with clinical signs 


and symptoms. Similar to many other reactions it is not infallible 


and certainly should not be used as the sole criterion by which a diag- 
nosis stands or falls. It should rather be regarded only as a very use- 
ful link in the diagnostic chain work 

Given a case with suggestive signs and symptoms, a positive Levin- 
son is unquestionably a strong argument in favor of tuberculous 
meningitis. On the other hand, a negative reaction would signify 
caution in making this diagnosis and would indicate, in the light of 
the above findings, that the case is probably not tuberculous menin- 
gitis. Occasionally a false reading will be obtained but this does not 
oecur with sufficient frequency to condemn the test. After all, even 
the Wassermann reaction has its pitfalls. 


CASES 


The following five case reports illustrate most of the points men- 
tioned in the foregoing discussion. 

CASE 1.—E. S., a two-a-half-year-old male child, was well until a week before 
admission when he began to complain of pain in the right chest, aggravated by 
breathing. A few days after the onset of this pain, the child became drowsy and 
apathetic. One day before admission he had chills, complained of a frontal head 
ache; and on the day of admission vomited several times. The child’s past history 
was irrelevant, and the only significant detail in the family history was that the 
father had been in a tuberculosis hospital for the past six months. 

Examination on admission revealed a well-developed but acutely ill child. There 
was present a marked Brudzinski, a slightly positive bilateral Kernig, a mild spasm 
of the neck and marked irritability. The eye grounds were normal. A lumbar 
tap revealed a clear fluid under moderate pressure, containing 450 cells per ¢.mm. of 
which the great majority were lymphocytes. The globulin test was positive. A 
Levinson test done on this specimen gave the following results: Mereurie chloride 
precipitate, 3 mm., and sulphosalicylie acid, 1 mm.—figures which indicated a normal 
fluid. Two days later the test was repeated with identical results. The Pirquet 
and Mantoux tests were negative. 

The clinical picture of meningeal irritation continued for almost one and a half 
weeks and then gradually returned to normal. The final diagnosis was meningo 
encephalitis. 

Case 2.—R. B., a thirteen-month-old male infant with a negative past history 
was admitted because of continual drowsiness and repeated right-sided convulsions 
for the past two days. 

On admission the child was very apathetic. The knee jerks were variable but 
always present. The right upper extremity was somewhat paretic. There were 
no Kernig or Brudzinski reflexes to be elicited. A lumbar tap showed a clear 
fluid under slightly increased pressure containing 30 cells, mostly lymphocytes. The 
Levinson test was negative—both tubes having very little precipitate. Two days 
after admission the child was well and was discharged shortly thereafter with a 
diagnosis of acute nasopharyngitis and secondary meningismus. 

Case 3.—J. F., a three-year-old male child was admitted with a history of 
lethargy, fever and vomiting of twelve days’ duration. The past and family his 


tories were normal. 
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On admission the child was found to be dehydrated, undernourished and leth- 
argic. The knee jerks were depressed, a right facial palsy was present, and the 
speech was slow and slurring. Eye ground examination revealed a white, irreg- 
ular area about one-third the size of the dise and lying below and to the nasal side 
of it. This was finally interpreted to be a congenital choroidal defect. The cerebro- 
spinal fluid was under normal pressure and contained 22 cells, all lymphocytes. A 
Levinson test performed on this specimen was positive for tuberculous meningitis: 


9 mm. of precipitate in the mercuric chloride and 3 mm. in the sulphosalicylie acid 
tube—a ratio of 3:1. A pellicle was obtained from the fluid but no tubercle bacilli 
were found. The von Pirquet test was positive. 

Following admission the child went rapidly downhill. He had frequent con- 
vulsions, the Brudzinski reflex became positive, the high temperature continued 
and reached 107° F. before death. Unfortunately no postmortem examination was 
permitted. However, in view of the positive tuberculin reaction and the neurologic 


findings the final diagnosis was considered as tuberculous meningitis. 

Case 4.—R. W., an eight-month-old male negro infant was admitted to the 
ward because of fever, vomiting, and incessant crying and shrieking of one week’s 
duration. Immediately prior to admission he had a convulsion. The past and 
family history were normal. 

On admission the child was acutely ill and very irritable. He had a suggestive 
bilateral Kernig, a definitely positive Brudzinski, and a bulging fontanelle. The 
cerebrospinal fluid was clear, under increased pressure, and contained 270 cells 
per ¢.mm. with a preponderance of lymphocytes. A Levinson test was done on this 
fluid and was positive for tuberculous meningitis: mereurie chloride precipitate 
18 mm. and sulphosalicylie acid, 6 mm.—a 3:1 ratio. The diagnosis was definitely 
established by the finding of tubercle bacilli three days later and by postmortem 
examination which showed the presence of disseminated tuberculosis with tuber- 
culous meningitis. 

Case 5.—R. B., a three-year-old female child was admitted with a history of 
having had occasional bouts of fever for the past three months without any known 
cause. Ten days before admission the child vomited and complained of epigastric 
pain. The temperature at that time was 101° F. and she was therefore admitted 
to the hospital with a diagnosis of acute appendicitis. After a short period of 
observation it was decided that there was no surgical condition present and the 
child was sent home. However, the temperature persisted, the epigastric pain re- 
mained fairly constant, the vomiting became frequent, and in addition she had 
night sweats. The child was readmitted to the hospital, this time to the pediatric 
wards. The past as well as the family histories were negative. 

Examination on admission revealed a subacutely ill child, alert, responsive, but 
very irritable. The heart and lungs were both normal. The throat was red and 
granular and a postnasal discharge was visible. There was present a mild re- 
sistance to flexion of the neck but no other evidence of meningeal irritation. The 
diagnosis on admission was acute upper respiratory infection with sinusitis. Tuber- 
eulous meningitis was also suggested. 

Within twelve hours after admission the child presented a different picture: The 
neck was stiff, the Brudzinski reflex was marked, respiration became the Cheyne- 
Stokes type and the child lapsed into a stupor. A spinal tap done at that time 
revealed a clear fluid under increased pressure with about 450 cells per ¢.mm., 
90 per cent of which were lymphocytes. No organism could be seen on smear. A 
Levinson test was done with 0.5 ¢.c. of this fluid. The result was negative for 
tuberculous meningitis after twenty-four hours but became positive after forty- 
eight hours: mercuric chloride precipitate—5 mm. and sulphosalicylie acid—1 mm. 

Lumbar taps were performed daily thereafter and the fluids were examined for 
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the presence of tubercle bacilli. None were found until six days after admission. On 
the third day, however, a Levinson test had again been done, using 1 ec.c. of 
spinal fluid. This time the result was unquestionably positive and appeared within 
twenty-four hours. The child went progressively downhill and finally died, a typical 


picture of tuberculous meningitis. 
SUMMARY AND CONCLUSIONS 


1. The Levinson test is easily performed, requires no special labora- 
tory equipment or knowledge, and gives easily-read end-results, as a 
rule within twenty-four hours. 

2. In the present series of cases it has proved itself to be reliable 
and useful as an aid in the differential diagnosis of those cases where 
the symptoms and signs indicate the presence of a meningeal process 
but where the etiology is uncertain. 

3. Like most other reactions of this nature, it is not infallible and 
occasionally gives false readings. 

4. The result of each test must always be judged in the light of the 
available clinical findings and cannot be used as an absolute criterion 


on which to base a diagnosis of tuberculous meningitis. 

5. It is suggested that the test be considered negative, no matter 
what the ratio, if less than the following minimal amounts of precipi- 
tate are present: 1 mm. in the sulphosalicylie acid tube and 5 mm. in 


the mereurie chloride. 
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ANTIQUES OF PEDIATRIC INTEREST* 
T. G. H. Drake, M.B., F.R.C.P. (C). 


HESE appliances in which the gingerbread ‘‘men’’ were moulded 
are carved in oak of 1144 inches thickness, and measure 24 x 314 
inches and 141% x 614 inches. They are double sided, the opposite sides 
bearing slightly different designs. The wood shows a good deal of 


worming. 


Ginger Bread Moulds, English, Cirea 1800 


From Receipts in Cookery, Physick and Surgery; for the Use of All 
Good Wives, Tender Mothers and Careful Nurses, London, 1714, is 
taken the following recipe: 

‘*Thick Ginger-Bread: A pound and a half of flower takes up one 
pound of treacle, almost as much sugar, an ounce of beat ginger, two 


*From the Department of Pediatrics, University of Toronto, and the Hospital for 
Sick Children, Toronto 
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ounces of carraway-seeds, four ounces citron, and lemon-peel candy’d, 
the yolks of four eggs; cut your sweet-meats, mix all; and bake it in 
large cakes on tin-plates.”’ 

The amount of goodies consumed by the eighteenth-century child 
varied widely. In the Foundlings Hospital, London, 1759, the diet 
was ‘‘plain and good of the sort, and consists in meat some days, others 
in roots or herbs raised by the children’s labor; their drink is water, 
their bread good but coarse. Strong drink, tea, coffee and tobacco are 
never permitted to be used by any child in the hospital, nor is any 
butter allowed them.’’ 

James Nelson, in *‘An Essay on the Government of Children,”’ 
London, 1753, gives us a picture of the consumption of cakes and con- 
fectionery among other classes of society. ‘‘If a child is sent to visit 
a relation or friend, the grand compliment is to apply to the con- 
feetioner or the pastry-cook; and till the little visitor be crammed 
with biskets, or cakes, or tarts, or sweetmeats, or all in their turn, and 
that even to a surfeit, the weleome is not thought compleat. 

‘**T have no objection to a child’s having a tart or bisket by chance, 
but I am a profess’d enemy to the daily abuses committed with them. 
If we view the loads of wigs, tarts and cakes every day made at the 
pastry-cook’s, we must be astonished at their consumption. The truth 
is, people give these things to their children till they have made them 
sick, and then give them because they are sick.’ 

‘But let us go lower into common life and view the various outlets 
from London. What swarms, what multitudes of children are there not 
in the fields on every fine Sunday! And what is their entertainment? 
Why, generally speaking, they are stuffed with a coarse kind of pastry- 
ware made coarse on purpose for children. Then to compleat the mis- 
chief, they are to wash it down with a foul, nauseous, heady kind of 
ale or other malt liquor. 

**Yet when one opposes this practice ‘Poor things!’ ery the mistaken 
parents, ‘What! take children into the fields and not give them a 
bun!’ ”’ 

**Good bread, with a very little sweet butter, wash’d down with water 
or clear well-brew’d small beer, would preserve their health; while the 
only use of this trash is to impair or destroy it.’’ 

However, medical opinion at the beginning of the nineteenth century 
is presented by Hugh Smith, 1792, as the following: ‘‘ Biscuits, sweet- 


meats, sugar plums, ete., all which tend to spoil the appetite, are highly 
improper and ought to be looked upon as one of the pernicious effects 
of luxury. Where is there a child unaccustomed to such indulgence 


that would not be equally pleased with a crust of bread?”’ 
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RECENT ADVANCES IN THE STUDY OF POLIOMYELITIS* 


E. W. Scuuitz, M.D. 
STANFORD UNIVERSITY, CALIFORNIA 


INTRODUCTION 


T MAY be laid down as a truism that what we know as a definite fact 

ean usually be told in a few concise words, while the things regard- 
ing which our knowledge is seanty often call forth the most elaborate 
theses. Though we may lay claim to a certain degree of enlightenment 
as to the cause, nature, and effects of poliomyelitis, we are still clearly 
in the ‘‘thesis stage’’ of our knowledge of this disease. Since this is 
true, the present occasion may really demand a lengthy dissertation on 
some one phase of the poliomyelitis problem. However, I shall not con- 
fine myself to a restricted phase of the general problem but present 
instead a cross-section of our present knowledge of this disease. 


NATURE OF THE VIRUS 


Let us consider first the nature of the causal agent. Whether viewed 
from a practical or purely from a theoretical standpoint, nothing quite 
transeends in importance a precise knowledge of the nature of the causal 
agent of a disease. Without this knowledge one is apt to be in the same 
dilemma as a ship deprived of the aids of navigation. Valuable time 
may be lost in an overzealous pursuit of so-called practical knowledge, 
which in the final analysis must always rest on a full understanding of 
the causal forces which underlie a disease process. This initial step 
unfortunately often proves the most difficult one in the conquest of an 
infectious disease. 

That the causal agent of poliomyelitis is a filter-passing agent was 
demonstrated for the first time twenty-two years ago by the classical 
work of Flexner and Lewis (1909) in America and of Landsteiner and 
Levaditi (1909)? in Europe. This contribution together with the pre- 
requisite prior discovery that the infection is transmissible to monkeys 
(Landsteiner and Popper, 1909)* marked the beginning of an impor- 
tant epoch in the study of this disease. This information however, im- 
portant as it was, continued to leave us quite unenlightened as to 


*Read before the Hollywood Academy of Medicine, Hollywood, California, June 23, 


1932. 
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whether the agent might be merely a very small bacterium or a true 


ultramicroseopie virus. Filtrability through earthen filter candles 


merely offers the suggestion that the agent may be of subvisible dimen- 
sion. It does not prove subvisible size, neither do the denser grades of 
these candles offer any information as to how far below the range of 
microscopic vision the agent may perchance be. Various factors, such 
as the electrical charge of the candle; the nature of the vehicle in which 
the virus is suspended; the pressure used, ete., all combine to influence 
the result of a given filtration experiment. The complexity of forces, 
electrical as well as mechanical, which come into play in the filtration 
of an ordinary virus suspension, may be surmised if one bears in mind 
that a virus suspension in reality represents a very complex mixture con- 
taining not only the virus but various colloidal aggregates originating 
from the host tissue itself. Coupled with this significant fact is also the 
fact that the candle with which this complex mixture comes in contact 
is in itself not of simple composition nor electrically inert. While the 
ordinary filter candle is very useful in effecting a crude separation of 
visible from the invisible aggregates, its usefulness ends there. To get 
further information as to the actual size of a virus one must resort to 
special devices, such as the use of graded collodion membranes. By 
means of such membranes, the pore size of which may be more or less 
satisfactorily controlled, it has become possible to caleulate with some 
degree of accuracy the size of colloidal aggregates below the range of 
microscopic visibility. This method has in recent years come into vogue 
as a means of estimating the size of different ultrascopie viruses. By 
this method, for example, bacteriophage has been found to be an aggre- 
gate probably not above 5 p»u* in diameter, and somewhat more limited 
studies on certain virus diseases of animals and plants, such as fowl 
plague, foot-and-mouth disease, cowpox, herpes simplex, and the Rous’ 
chicken sarcoma virus, that of tobaceo mosaic disease, suggest that in 
size these agents may perchance not exceed greatly that of bacterio- 
phage corpuscles. While collodion membranes present certain advan- 
tages over candles, they too are not free of influences exercised by the 
dispersed tissue material with which the virus in an ordinary suspension 
is always associated. The aggregates of this associated colloidal matter, 
bearing as they do varying electrical charges, not only tend to adsorb 
the virus, but in turn become adsorbed to the pore wall of the membrane, 
thus reducing the pore size of the membrane, which naturally has the 
effect of assigning to the virus a size larger than it actually possesses. 
This is well illustrated by the results of some ultrafiltration studies on 
poliomyelitis virus which we carried out early in 1929 (Krueger and 
Schultz*). We discovered at that time that if we first filtered the erude 


*un = Yooo of a micron; a micron being M%4s5.900 of an inch. 
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virus suspension through a very porous membrane, which served to 


remove most of the associated colloidal matter, the virus suspension 
would then pass much denser membranes than was otherwise the case. 
In later studies (Clifton, Schultz, and Gebhardt, 1931° and unpublished 
work) we attained this preliminary ‘‘purification’’ by first extracting 
the lipoids from the virus suspension with the aid of ether, after which 
we precipitated the associated proteins with basic lead acetate and other 
chemicals. With this comparatively pure virus suspension we realized 
our best results. Whereas our earlier studies indicated that the virus 
aggregate might not lie much below 300 pu; that is, represent an ag- 
gregate somewhere near the limits of microscopic visibility, our later 
results with more favorable suspensions indicate that the virus aggregate 
is definitely below 50 pp in size; a few less constant results, suggesting 
that with further improvements in the technie of purification, it may 
eventually be found to lie well under 25 pp. The significance of these 
figures may be appreciated better if we recall that the resolving power 
of our best microscopic lens, by direct illumination, is slightly less than 
250 pp, (0.25 w). In size, then, poliomyelitis virus seems to be 5 to 10 
diameters smaller than the smallest body which can theoretically be 
seen by direct microscopy. On the basis of these observations, there- 
fore, it seems safe to place the agent of poliomyelitis among the ultra- 
microscopic viruses. 

Does the agent share in respects other than size the peculiarities which 
set the ultramicroseopie viruses apart from the bacterial microbes? This 
it seems to do. An especially noteworthy resemblance is its marked 
resistance to glycerine. According to a recent report by Rhoads (1929)* 
it may remain active after exposure for eight years to 50 per cent gly- 
cerine. It is also fairly resistant to such chemical agents as phenol, 
ether, acetone, basic lead acetate, gastric and intestinal secretions, ete. 
We have exposed water-clear virus suspension to a saturated solution of 
ether at 20° (. for fifteen days without destroying the infectivity of 
the suspension. Clark, Schindler and Roberts (1930)* found the virus 
active after an exposure of more than four months to a saturated solu- 
tion of sodium chloride. It resists complete desiccation for at least 
thirty days. While x-rays seem to be without effect on the virus (Lenz 
and Jungeblut, 1932)* we have found that exposure to ultraviolet rays 
from a cold quartz lamp inactivates it in less than three minutes. Al- 
though it exhibits more or less resistance to certain chemical agents, to 
others it is quite susceptible. Oxidizing agents, such as hydrogen perox- 
ide and potassium permanganate, promptly inactivate it; while such 
substanees as cysteine, which retard oxidation, help to preserve its activ- 
ity. The possible significance of these properties, exhibited in more or 
less the same degree by other ultraviruses, will be referred to again. 
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CULTIVATION OF THE VIRUS 
Thus far I have referred to virus as an active principle in a suspension 
of ground infected host tissue. We may now ask, can the agent in 


question be cultivated on an artificial medium? This query may indeed 
be broadened to take in all the ultrascopic viruses, none of which seem to 


have yielded themselves thus far to cultivation on lifeless artificial 


media. While a few ultrascopie viruses have been successfully cultured 
in the presence of living tissue cells grown in cultures, none of them 
have thus far yielded to cultivation in the absence of living cells. These 
agents as a class not only seem absolutely dependent on living cells, but 
often exhibit a bigh degree of selectivity net only for host tissues but 
also with regard to the particular cells within that host which they will 
single out. Poliomyelitis virus itself offers an excellent example of this 
combined host and tissue selectivity. Proceeding from these facts one 
feels inclined to predict that the virus of poliomyelitis will probably 
never be cultivated on lifeless culture media. 

Bearing in mind the apparent inability of the ultrascopie viruses to 
grow on a lifeless medium it seems very doubtful that either the strepto- 
coecus of Rosenow (1916-1930)* or the globoid bodies of Flexner and 
Noguchi (1913)? represent the agent of this disease. 

Within the past vear Eberson (1932)'' of Mt. Zion Hospital,. San 
Francisco, has reported the cultivation of an organism which he believes 
may be the causal agent of poliomyelitis. The medium employed by him 
“onsists essentially of heat sterilized minced sheep’s brain in veal in- 
fusion broth free of peptone. The organisms in question present them- 
selves as minute ovoid bodies apparently bordering on the limits of 
ordinary microsecopi¢ visibility. With eultures well removed from the 
original material (2 x 10°** dilution) Eberson claims to have produced 
experimental infections in monkevs. Should Eberson perchance have 
taken all the precautions necessary to guard against a successive transfer 
of virus coated media particles from the orginal culture through to 
the last culture, and there is no question as to the identity of the disease 
he produced in monkeys, it will then become necessary to revise what 
has just been said regarding the indifference of the ultrascopie viruses 
to lifeless culture media. Thus far we have been unable to confirm 
Eberson’s results. 

Only one report has appeared in the literature bearing on the cultiva- 
tion of the virus in living tissue cultures. This was by Levaditi’? of 
the Pasteur Institute in 1913. His efforts were apparently successful, 
but further work is necessary to substantiate his claim, 


ATTEMPTS TO PURIFY THE VIRUS 


In any endeavor to cultivate an ultrascopie virus on artificial media, 
especially on the lifeless variety, one must naturally be motivated by 
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a belief that the agent must be of a living nature. While this is un- 
questionably an altogether logical view to entertain, it does not neces- 
sarily follow that this is the only possible view which may be enter- 
tained. There are indeed those (Bordet, 1922"°; Twort, 1923**; Doerr, 
1923'° and others) who consider it quite possible that some at least of 
thé viruses may in reality not be living organisms but peculiar enzyme- 
like bodies elaborated by a specifically deranged cell; the transmissible 
effect being the result of a formation of the contagious principle by the 
diseased cell itself and not the result of multiplication of a foreign agent 
within or on the surface of the cell. While one hesitates to regard 
transmissibility as due to anything other than a multiplication of an 
autonomous living agent parasitizing a cell or a tissue, other possibilities 
cannot be ignored. There is indeed some evidence that transmissible 
effects may at times be realized among nonliving chemical principles. 
Bordet and Gengou_(1904)"*, while working on coagulation of the blood, 
for example, observed that a given quantity of thrombin not only exer- 
cises a direct coagulating action on blood, but also stimulates the produc- 
tion of new thrombin at the expense of materials in the coagulable fluid. 
A plasma slow to yield thrombin spontaneously could be made to yield 
considerable quantities on the addition of a small quantity of thrombin. 
Delezenne and Ledebt (1922)'* found that enterokinase produces a 
similar transmissible effect in transforming inactive trypsinogen into 
active trypsin; a small amount of enterokinase not only serving to acti- 
vate a given quantity of trypsinogen, but the products of the reaction 
serving to activate new quantities of trypsin. 

That at least some ultraviruses may not be living agents is further- 
more supported by evidence suggesting that they may arise de novo, 
spontaneously or under the influence of agencies artificially imposed. 
Several investigators, for example, claim to have recovered bacteriophage 
from bacterial cultures previously free of this agent. According to 
Carrel (1925)** the injection into chickens of embryonic tissues and of 
certain chemicals, such as arsenic, coal tar, indol, and peptone, may pro- 
duce sarcomas which contain the Rous’ chicken sarcoma virus. Fischer 
(1926)**® claims to have obtained a similar result after treating spleen 
tissue with arsenic in vitro. Naegeli (1926)*° has related the appearance 
of herpes simplex in patients to the use of various bacterial vaccines. 
Unfortunately all the evidence which has been brought forward in sup- 
port of a de novo origin of viruses bears the stamp of chance observa- 


tion and is, as subsequent investigations have shown, not readily re- 
producible (Zinsser and Tang, 1929** and others). Nevertheless on the 
strength of these and other observations endeavors have been made to 
approach the problem of the nature of ultrascopie viruses by chemical 
and physicochemical methods. Vinson and Petre (1930)**, for example, 
working with tobacco mosaic virus, sueceeded in precipitating the virus 
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aggregates from the juices of the diseased plant by means of an aqueous 
solution of safranin. In the resulting precipitate the virus was held 
in an inactive state, but could be reactivated by removing the safranin 
with the aid of amyl alcohol. By shaking a poliomyelitis virus suspen- 
sion with ether we have successfully freed the virus suspension of the 
fats which make up the bulk of foreign material in a virus suspension 
prepared from brain and cord material. By then adding basic lead 


acetate to the almost water-clear residue it was possible to precipitate 
most of the associated proteins, leaving an active virus suspension al- 
most, if not entirely, free of fats and proteins. Miss Howitt (1930)*° 
of the Hooper Institute for Medical Research in San Francisco, has been 
successful in freeing the virus suspension of this extraneous material 
by much the same procedure as that employed by Vinson and Petre 
in working with tobacco mosaic virus. After precipitating the as- 
sociated proteins from the virus suspension with the aid of basie lead 
acetate, the virus itself was then precipitated with the aid of safranin. 
Acetone also could be used to precipitate the virus from filtrates pre- 
viously freed of proteins. Other ultraviruses also have been freed of 
much extraneous material either by direct chemical procedures or by 
the process of differential adsorption. The general trend of these results 
possibly do suggest, then, agents of a nonliving rather than a living 
nature. 


ANTIGENIC PROPERTIES OF THE VIRUS 


Still another reason may be advanced against the bacterial nature of 
poliomyelitis virus. This rests on its peculiar antigenic properties. If 
we stop to analyze antigens as a group, we find that they may be 
divided into two general classes: those which like true exotoxins and 
ferments, stimulate within the host the formation of specific neutralizing 
antibodies; and those which like bacteria and other complex proteins 
stimulate the formation of antibodies (cytolysins, agglutinins, and pre- 
cipitins) whose function seems directed, as Zinsser (1915)** has pointed 
out, solely toward an elimination or removal of the more complex 
foreign proteins from the body. During the past five years considerable 
attention has been given in our laboratory to the question as to which 
of the two general elasses of antigens the ultraviruses resemble most 
closely. Thus far these studies have extended to the antigenic proper- 
ties of bacteriophage, and the viruses of cowpox, herpes simplex, rabies 
and poliomyelitis (Schultz et al, 1928-31)*°. The general trend of our 
results seems to indicate that what may be said regarding the char- 
acteristics of any one of these may be said of the rest of them. All 
call forth the formation of antibodies which like antitoxins merely in- 
activate the virus by some more or less dissociable union with the virus. 
In some instances, such as in the ease of bacteriophage, where it has 
heen possible to study the properties in a more comprehensive manner, 
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the parallelism with antitoxins has been found to be striking. Specific 


complement fixing or cytolytic antibodies, such as make their appearance 
when more complex bacterial structures function as antigens, do not 
make their appearance here. On the contrary, antibodies are formed 
which like antitoxins merely inactivate or neutralize the active agent by 
some reversible union with the virus. As in the union of diphtheria 
toxin with its antitoxin, the union between virus and its antibody may 
within certain limits, be broken up, with the result that active virus, 
as well as the antibody, is set free again. This dissociative effect is 
something which is not seen where bactericidal (cytolytic) antibodies 
come into play. So far as we can ascertain poliomyelitis virus is not 
unlike other ultrascopie viruses in its antigenic properties (Schultz, 
Gebhardt and Bullock, 19317"). It should be added, however, that while 
this is true, it does not necessarily mean that the virus must be of the 
nature of an exotoxin. It may, however, like exotoxin be of simple, 
possibly nonproteinaceous composition, and endowed with enzyme-like 


properties. 


PATHOGENICITY AND EXPERIMENTAL TRANSMISSION 


Let us turn now to a consideration of the host selectivity exhibited by 
the virus. That the virus under natural conditions limits its attack to 
man is well known and requires no comment. It may, as was first shown 
by Landsteiner and Popper in 1909", also be transmitted experimentally 
to certain species of monkeys. Since the important discovery of Land- 
steiner and Popper many attempts have been made to transmit the 
disease to other animals, including rabbits, guinea pigs, dogs, eats, rats, 
mice, horses, oxen, and sheep, with either unconvincing or clearly nega- 
tive results (Harmon, Shaughnessy, Gordan, 1930", and others). Even 
monkeys are not easily infected. They never develop the disease follow- 
ing direct contact with ineubational or sick animals: An exposure for 
four days to an atmosphere more or less constantly charged with va- 
porized virus suspension in our experience does not lead to infection. 
Infection by the nasal route, the normal route in man, in monkeys is 
not easily accomplished, apparently because of the presence of some 
substance in the nasal membranes and secretions possessing the power 
of inactivating the virus (Amoss and Taylor, 1917**, Flexner and 
Amoss**). Other extracerebral routes are no more effective and, when 
so, infection probably always results from a migration of the virus along 
peripheral nerves to the central nervous system. The most constant 
results are realized when suitable amounts of virus are inoculated into 
the frontal lobe of the brain. 

This well-defined host selectivity harmonizes well with the host selee- 
tivity exhibited by other ultrascopie viruses for their respective hosts. 
As we shall see when we turn now to the pathology of this disease, the 





SCHULTZ: POLIOMYELITIS 365 


selectivity of poliomyelitis virus does not end with its choice of hosts, 


but extends quite specifically to certain cells within the selected hosts. 
It would be interesting to speculate as to the precise meaning of this 
marked specialization, but we must move on. 


PATHOLOGY OF POLIOMYELITIS 


The more evident pathology of poliomyelitis has been known for some 
time both from studies on human material and observations on the lesion 
of the experimental disease in monkeys. The characteristic lesion is a 
destruction of the ganglion cells in the grey matter of the cord, with 
consequent neurophagia of the destroyed nerve cells, and more or less 
perivascular round cell infiltration. This much has been known for 
some time. To this basic information have recently been made some 
noteworthy additional contributions. Of particular interest and also 
of considerable practical importance are those of Fairbrother and Hurst 
(1930)*°, Jungeblut and Spring (1930)*', and Hurst (1932)**, all of 
which bear on the route by which the virus finds its way to different 
levels of the central nervous system. Working with monkeys, the ob- 
servations of these investigators seem to show conclusively that, contrary 
to earlier views which held it possible that the virus might be carried 
to and distributed within the central nervous system by the blood stream 
and the cerebrospinal fluid (Harbitz and Scheel, 1907**, Flexner. and 
Amoss, 1914**, and others), the virus in reality travels to different 
levels of the central nervous system exclusively by the way of the axis 
cylinders of nerves or nerve paths. After reaching the olfactory bulb 
from the nasopharyngeal vault, it evidently passes to the brain by the 
axons of the olfactory bulb and from there to the cord by the motor 
fibers of the pyramidal tract. According to these recent observations 
the meningitis so frequently observed during the disease does not 
represent the first lesion of the disease (Amoss, 1928)*° but more than 
likely a secondary involvement emanating from the affected underlying 
nervous tissue. Faber (1932)** has recently pointed out that the elini- 
eal course of the disease in man in reality harmonizes very well with 
this experimental work. While there are some (Kling, 1928)** who 
regard the marked tendency of the lower limbs to become affected first, 
as evidence favoring an intestinal origin, the equally marked tendency 
for symptoms to make their appearance first in the leg opposite to the 
side of the brain into which the virus was introduced, argues distinctly 
more for nerve axon transmission than for a general systemic invasion. 
In addition to this, there is, as I shall point out later, some experimental 
evidence which argues distinctly against infection by the gastrointestinal 
route (Clark, Roberts and Preston, 1932**, and others). The general- 
ized lymphoid hyperplasia which Burrows (1931)** regards as evidence 
of a prenervous generalized systemic infection, represents in all proba- 
bility a wholly secondary phenomenon. This hyperplasia is noticeable 
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not only in man, as Burrows would have us believe, but may also be 
observed in monkeys developing the disease after intracerebral inocula- 
tion of the virus. We have thus far not been able to demonstrate the 
virus in any of these hyperplastic nodes—axillary, inguinal, or mesen- 
terie—which tends further to support the viewpoint that the lymphoid 
hyperplasia, possibly also the perivascular euffing, does not represent a 
direct response to the presence of the virus, but, in reality, an indirect 
and unspecific manifestation of the disease process. 


INCLUSION BODIES 


A recent contribution of considerable interest relates to distinctive 
cytologic changes which make their appearance within the nucleus 
of some of the affected nerve cells. These happen to be changes 
which further bespeak the true virus nature of the causal agent of 
this disease. It is generally recognized that the ultrascopie viruses 
differ from bacterial pathogens not only in the preference which the 
former exhibit for an intracellular existence, but also by the fact 
that most, if not actually all viruses, elicit peculiar reaction 


products within the cells which are commonly referred to as inclusion 
bodies. Their presence has in some instances helped to identify diseases 
as probably due to a filtrable virus before it was possible actually to 


demonstrate the relationship of a filter passing agent. There are indeed 
still a few instances in which the evidence of the ‘‘virus nature’’ of the 
disease rests wholly on the presence of these peculiar cytologic changes. 
In some virus disease, such as rabies, these so-called inclusions appear, 
as you know, only in the eytoplasmie portion of the cell, while in others, 
such as herpes simplex, they present themselves only within the nucleus. 
These bodies may be round, oval, pyriform, or irregular in shape, homo- 
geneous or granular and either acidophilic or basophilic in their stain- 
ing reaction. Just what mechanism underlies their formation is not 
yet clear, but what they in general signify is no longer questioned. 
Until recently it appeared possible that poliomyelitis might not repre- 
sent a true virus disease. Inclusion bodies had not been demonstrated, 
apparently because no one had considered it important to search for 
them. With the exception of a paper by Bonhoff* in 1910 nothing had 
appeared in the literature bearing on these less conspicuous changes 
within the nerve cells of poliomyelitic tissue. Bonhoff had deseribed 
in specially stained sections certain intranuclear inclusions, located, how- 
ever, chiefly within the glial cells. In 1930 while we were engaged in 
an attempt to verify this work, a paper by Covell (1930)* and a little 
later another by Hurst (1931)* appeared, both of which described in- 
clusions, not in glial but in nerve cells. They were found chiefly in the 
anterior horn cells and were confined to the nucleus, resembling very 
much those observed in herpetie encephalitis and Borna’s disease of 
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horses. They were not observed in cells undergoing complete necrosis, 
but in those which appeared more resistant and seemed to degenerate 
more slowly. Our own observations harmonize in the main with the 
descriptions offered by these investigators, but, although we have studied 
several hundred sections carefully, our work must still be regarded as 
incomplete. 


IMMUNITY IN POLIOMYELITIS 


Let us turn now to an exceedingly interesting aspect of poliomyelitis, 
that of aequired immunity to this disease. Before we consider this let 
us reeall the generally interesting fact that the immunity which follows 
virus diseases unlike that which follows most bacterial infections is of 
a solid and durable character, corresponding in every essential to the 
active immunity which is built up against true toxins. Poliomyelitis 
apparently offers no exception to this rule. Why there is this marked 
difference in the duration and solidity of immunity following virus dis- 
eases on the one hand and bacterial infections on the other is not very 
apparent. It may possibly rest wholly on a more profound stimulation 
which these agents may exercise in comparison with bacterial agents. 
It may on the other hand rest in part at least on some other considera- 
tion. Recent observations by Olitsky, Rhoads and Long (1929)** sug- 
gest that it may perchance rest in part on a persistence of virus in the 
tissues of the recovered host, in other words, that it may be of the 
nature of an infection immunity, such as has been recognized, for ex- 
ample, in syphilis (Chesney, 19264). By means of a cataphoretic 
current these investigators recovered the virus from the central nervous 
system of a poliomyelitis convalescent monkey twelve days after the 
animal had fully recovered from the disease. Although this experiment 
could later not be confirmed by Levaditi and Lépine (1931)**, observa- 
tions such as these do not stand unique in the field of virus diseases. 
The blood of a horse has, for example, been found infectious seven years 
after an attack of equine pernicious anemia (de Kock, 1924)**. Vaccinia 
virus has been isolated from the tissues of experimental animals several 
months after infection and recovery (Olitsky and Long, 1929).47 Sub- 
maxillary gland virus of guinea pigs can be recovered at will from 
immune animals (Cole and Kuttner, 1926)**. Plants once infected with 
mosaie virus are said not to become free again of the virus. Bacteria 


which survive the lytie action of bacteriophage and grow up as secondary 
resistant cultures not infrequently continue to flourish from generation 
to generation in intimate association with bacteriophage. Once freed 
of the principle, they tend to revert to susceptible forms again. It may 
be, therefore, that the durability of acquired immunity against virus 


diseases including poliomyelitis may swing in a measure on the con- 
tinued presence of a small amount of virus in the tissues of the re- 
covered host. An equilibrium may become established between the virus 
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and host which is somewhat comparable to that which prevails in a 


chronic bacterial infection. 
EPIDEMIOLOGY OF THE DISEASE 


Let us turn now to the contributions which have recently been made 
to the epidemiology of this disease. That the disease is spread chiefly, 
if not entirely, by the dissemination of nasopharyngeal secretions of 
virus carriers is well established, the virus having been demonstrated 
in the mucous membranes of the nasopharynx not only during the acute 
period of the disease (Flexner and Lewis, 1910**) but in some cases 
months after convalescence (Lucas and Osgood, 1913°°). Virus has 
furthermore been demonstrated in the nasopharyngeal washings of 
healthy persons who have been in contact with patients (Flexner, Clark, 
and Fraser, 1913°', and others). In addition to dissemination of the 
virus by droplets ejected from the nasopharyngeal vault there is also, 
as Ayeock (1927 ) has recently pointed out, the possibility of its being 
disseminated by such vehicles as milk. Analyzing an extensive outbreak 
which oceurred in Broodstairs, England, in October, 1926, Aycock was 
able to unearth a chain of evidence pointing strongly to milk coming 
from one dairy. Nevertheless, while it is altogether possible that the 
virus may be disseminated in this way, it is quite unlikely that this 
is often the case. While one cannot reason that results obtained in 
monkeys apply equally to man, it is of interest that several investigators 
(Flexner and Lewis, 1910°°; Amoss, 1928°*; Schultz, 1929°°; Clark, 
Schindler and Roberts, 1930°°) have found it exceedingly difficult to 
infect monkeys by feeding them with virus-contaminated milk. On one 
oceasion several years ago, I fed to two monkeys ground virus-cords 
suspended in milk in amounts sufficient to infect more than 500,000 
monkeys had this virus been injected intracerebrally into as many ani- 
mals. They not only failed to develop the disease, but failed to become 
immune. Clark, Roberts and Preston (1932)** have just published the 
results of an extensive study bearing on this question. They were un- 
able to produce poliomyelitis either by the oral administration of large 
quantities of virus or by the injection of as much as 10 ¢.c. of a virus 
suspension into a loop of the small intestine. It would seem, therefore, 
that when man acquires the disease by drinking contaminated milk, the 
infection most likely results from a contact of the virus-contaminated 
milk with the nasopharyngeal vault, rather than by a passage of the 
virus from the intestinal tract to the central nervous system by some 
more or less indirect route. It need not be added, of course, that in al! 
such instances milk can never act as a culture medium, as in the typhoid- 
contaminated milk, but merely as a mechanical vehicle for the virus. It 
is entirely conceivable that other foodstuffs might in very isolated in- 
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stances play a similar réle as a vehicle for the virus from a ‘‘virus car- 
rying food handler’’ to a new host. 

Passing from the mechanism of dissemination to that of the extent to 
which it may be distributed among the population, we find a peculiar 
dearth of direct information. The reason for this rests largely on the 
great cost which such an inquiry would involve. While little expense is 
involved in the detection of carriers of bacterial pathogens, such as 
diphtheria, a similar survey of the distribution of poliomyelitis would 
mean the difference in cost between that of a tube of culture medium 
and that of one or more monkeys. Although there is virtually no direct 
information available as to the probable distribution of the virus dur- 
ing epidemic and quiescent periods, certain indirect evidence of its gen- 
eral distribution is revealed by a study of the incidence of immune per- 
sons in the normal population. While it has been felt for some time 
that the virus of this disease must be much more widely disseminated 
than one may gather from the incidence of frank poliomyelitis (1.59 per 
1,000 population in the Greater New York Epidemic of 1916; Emer- 
gon, 1917°"), not until the past two or three years has there been any 
real hint as to the probable extent of its distribution. This new infor- 
mation is based on the incidence of persons of different age groups who 
possess serum capable of inactivating the virus when brought together 
with it in the test tube, the mixture being injected into monkeys. Tests 
carried out in this manner by Aycock and Kramer in 1930°* on adults 
living in rural and urban communities revealed that 40 per cent of 
those tested in rural districts and 87 per cent of those tested in urban 
communities were endowed with immune serum. The incidence of 
these immune persons was found to be lower in the lower age groups. 
Newborn children were immune when the mother herself proved im- 
mune.** This immunity in the infant, like all passive immunity, appar- 
ently disappears in a short time, and leaves the child unprotected until 


9 


antibodies of its own manufacture have been caused to make their ap- 
pearance. In a series of 53 young adults (mostly medical students) 
tested by us (Schultz and Gebhardt, 1931°; and unpublished work) 
approximately 55 per cent showed this immune property. A somewhat 
higher incidence might have been revealed in our series had we em 
ployed a less severe test. Serums from five children, between the 
ages of two and three years, all failed to neutralize the virus in vitro. 

The results of these investigations have been differently interpreted, 
the most obvious interpretation being that the immunity has resulted 
from a widespread unrecognized specifie infection; an interpretation, 
which if true would naturally speak for a much wider distribution of 
the virus than is revealed by the incidence of recognizable poliomyelitis. 
Another view is that the acquired property of the serum is simply an 
expression of a ‘“‘spontaneous maturation pan-immunity,”’ an ‘‘immu- 


nity’’ such as may be acquired for such noninfectious agents as sheep 
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and rabbit erythrocytes.* There is, however, as has been ably pointed 
out by Aycock (1931) no good evidence to support tie view that im- 
munity to viruses and indeed to infectious agents generally rest on any 
law of maturation, The oft-quoted immunity of Eskimo children to 
diphtheria, believed to have arisen independently of an exposure to the 
diphtheria organisms, according to Aycock, does not rest on altogether 
secure evidence, since prior exposure to the infectious agent was not 
fully ruled out. Curiously enough while writing this review ten days 
ago an article appeared by Wells and Heinbecker (1932) ,® dealing with 
observations on diphtheria which they had made among Central and 
Polar Eskimos. I shall merely quote the concluding paragraph of their 
interesting paper. They state: ‘‘Our findings indicate that resistance 
to diphtheria among Eskimos in these localities depends on the pres- 
ence of antitoxin and suggest that earrier conditions, as well as latent 
specifie infections, are the probable source of this immunity.’’ Cul- 
tural evidence of such a specific infectious cause was obtained by them. 
What may be said regarding the actual source of the immunity to 
diphtheria among the Eskimos probably applies also to the observations 
recently reported by Soule and McKinley (1931)* who found on test- 
ing the sera of 8 normal people in Porto Rico, where poliomyelitis is 
said to be rare, that the sera of all of the 8 tested inactivated the virus 
in vitro. But what should have been added to complete their paper is 
that Morales (1930)** has reported 10 cases of poliomyelitis as having 
occurred at Vega Baja, Porto Rico, in 1928. It is evident, therefore, 
that in the absence of definite proof that a community has been and is 
entirely free from exposure to a given infectious agent the discovery 


of immune persons in such localities cannot be held up as unimpeach- 
able examples of a ‘‘spontaneous maturation pan-immunity.’’ 


Approximately a year ago interesting experimental results were sub- 
mitted by Jungeblut and Engle (1931) to show that resistance to 
poliomyelitis in adults may be determined by internal secretions, espe- 
cially by glands determining sexual maturity. On hastening sexual 
maturity by the injection of pituitary sex hormone into monkeys they 
were able to create a more or less refractory state to the disease in these 
animals. Since then (1932)° they have reported that on testing the 
serums of seven mature monkeys, one male and six females, four were 
found to neutralize the virus. These came from four different females 
and were obtained within ten days after the onset of menstrual bleed- 
ing. Two of the animals when bled again a few days before the onset 
of the next menstrual eyele yielded sera which this time failed to neu- 
tralize the virus. While these results are unquestionably of great in- 
terest, they nevertheless fail to explain why the incidence of adult im- 
mune persons in a rural district was found by Ayeock and Kramer to 


*Editorials, J. A. M. A. 98: 775, 886, and 950. 
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be less than half the incidence of immune persons in urban communities. 
One ean seareely argue that residents in rural communities as a class 


suffer sexual retardation. 

If we may turn to the more plausible of the two explanations and 
tentatively assume that the immunity probably results from contact 
with the virus, one may then well ask himself why it is that only a 
small percentage of the population actually develop frank poliomyelitis 
in the course of an epidemic. While the answer to this question is not 
clearly evident, there is some ground for believing that the more or 
less spotted distribution of the disease during any outbreak may be 
largely a function of the immunologic responsiveness of the persons 
who make up a given community, rather than that scattered persons 
have been unfortunate enough to get into the path of the virus. Re- 
sults obtained recently by Shaughnessy, Harmon and Gordan (1930)*% 
indicate that the immune antibody titer of those who have actually suf- 
fered the disease is often appreciably under that of normal adults who 
have to their knowledge never had the disease. This we are inclined 
to believe from our own observations is correct. May it not be, there- 
fore, that only those who are constitutionally less well equipped to com- 
bat the virus are the ones who actually succumb to frank poliomyelitis, 
the greater bulk of the population experiencing no difficulty in mar- 
shalling the defenses necessary to combat successfully the inroads of 
this virus? 

SERUM THERAPY 


Regarding the merits of serum therapy there is a division of opinion 
(Kellogg, 1929,°° and others). There are on the one hand those who 
see in the use of serums definite therapeutic value and on the other 
hand those who question very much the efficacy of this measure. The 
reason for this division of opinion is unquestionably rooted largely in 
the uncertain course of the disease, it being as a rule quite impossible 
to predict the clinical course in any given ease, or group of cases, the 
extent of involvement varying not only with the individual but also 
with the period of the epidemic. To my mind a pertinent reason for 
doubting the efficacy of serum therapy in this disease may be found in 
the recent observations of Fairbrother and Hurst to which reference 
has already been made.*® If it is true that the virus is at all times in 
intimate, probably intracellular, association with nerve cells, then it 
would seem quite unlikely that effective contact of serum with virus 
may be realized after the virus has become implanted in the nervous 
tissue. Nevertheless, while one may register some doubt on_ these 
grounds, we cannot escape the fact that serum therapy offers really the 
only means at present by which we ean hope in any way to check the 
progress of the infection in a given ease. 
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The serum most generally employed is human convalescent serum, 
preference being given to serum from those who have had the disease 
less than six months previously. Unfortunately, human convalescent 
serum is not obtainable in quantity, and it has, therefore, become neces- 
sary to probe into other potential sources of supply. As an additional 
source now stands the human adult, who, although he presents no his- 
tory of the disease, is in possession of a specific immune serum. From 
this group may be selected those persons whose serum by actual test 
has been found to be at least comparable in quality to that of the aver- 
age convalescent serum. The serum of some of these normal persons 
may, as has already been indicated, prove to be decidedly superior to 
that obtained from the average convalescent. The problem is to iden- 
tify these particular persons and secure them as potential blood or 
serum donors. Faber (1931)* has pointed out the desirability of test- 
ing transfusion donors for immunity to poliomyelitis thus tapping a 


readily accessible source of supply. 


Probably next to the serum of man stands that of the poliomyelitis 
convalescent monkey, preferably the hyperimmunized convalescent mon- 
key. But however superior such hyperimmune serums may be, the 


supply from such sources is certain to remain limited. 

Since the supply of immune serum derived from man and monkey 
is restricted, it is natural that one should inquire into still other poten- 
tial sources of supply. Unfortunately, the only other possible source 
which remains dips into that vast group of animals all of which are 
known to be refractory to the experimental disease. It is, therefore, a 
source which at the outset seems quite unpromising. Fortunately, how- 
ever, this possible source has not been allowed to go entirely unex- 
plored. Beginning with Flexner and Lewis* in 1910 there have been 
investigators, admittedly few, who have interested themselves in this 
particular phase of the poliomyelitis problem. While the results of 
earlier studies tended to leave one perplexed as to the possibilities of 
effectively tapping this source, results obtained by more recent investi- 
gators have served to throw considerable light on this important ques- 
tion. In 1910 Flexner and Lewis found that the virucidal properties 
of the serum of a sheep could be augmented by virus injections. The 
serum of this animal initially showed slight though definite virucidal 
properties. Unfortunately, we have no information as to how much the 
virucidal properties of the serum of this particular animal was actually 
augmented. The following year similar results were reported by Kraus 
(1911),*" but again, r» information was offered as to how much the 
immune principle in the serum of this sheep had been elevated above 
the normal endowment. This applies also to suecessful results reported 
by Pettit’? in France in 1918. However, virucidal tests carried out 
later by Stewart and Haselbauer (1928)** on serum furnished to them 
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by Pettit as well as on some they themselves had attempted to produce 
in sheep, indicated that the antiserum produced in the sheep was likely 
to be of very low potency. These observations harmonize with the 
results which we (Schultz and Gebhardt, 1930)" subsequently obtained 
in attempts to ‘‘immunize’’ a sheep, a goat, a dog, several rabbits, and 
several guinea pigs, all of these animals having received virus injec 
tions over long periods of time. At most only a slight immune response 
was realized. Following our endeavors, however, Howitt (1932)*° of 
the Hooper Institute was successful in producing more potent sera in 
two goats and a sheep by a general procedure not unlike that employed 
by us. At first thought this chain of evidence for and against the 
serviceability of these animals appears irreconcilable, but as the work 
with horses will also show, the discrepancy may be explained on the 
basis of differences in the responsiveness of individual animals of a 
given kind, rather than on a fundamental difference in the procedure 
employed by different investigators. Flexner™ in 1910 reported en 
tirely unsuccessful results in an attempt to produce an immune serum 
in a horse. However, in 1917 Neustaedter and Banzhaf* and in 1925 
Pettit’’ obtained results which indicated that the horse might prove 
serviceable. Unhappily, in neither instance was the serum produced 
actually titrated. Not until two years ago did information actually 
become available indicating the extent to which individual horses might 
respond as polio-immune serum producers. This information is based 
on comprehensive studies by Weyer, Park and Banzhaf (1929; 1931)" 
in New York; Fairbrother (1930),°° Fairbrother and Morgan (1930)*! 
in England, and our own observations (Schultz and Gebhardt, 1931™* 
and unpublished work). I have time to touch only very briefly on 
these observations. A particularly noteworthy contribution which has 
grown out of these studies is that only a small percentage of horses 
respond well to virus injections, the larger percentage do so very in- 
differently or not at all. In our studies only one horse was employed, 
but we were fortunate in the choice of this animal. A number of 
serum titrations scattered over the past two years during most of which 
time the animal received virus injections, has revealed a steady rise in 
the antibody content of the serum, the last titration revealing that 1 ¢.c. 
of serum* is now capable of neutralizing approximately 50,000 mini- 
mum infecting doses (M.I.D.) of the virus (expressed in terms of the 
amount of virus required to infect a monkey by intracerebral route). 
This titer, as the general trend of evidence seems to show, is distinetly 


above that of the average human or monkey convalescent serum. 


*This serum is now available without charge, on the following four conditions: 
(1) that a sample of serum or blood (5-10 c.c.) will be procured from the patient be- 
fore any serum is administered; (2) that another sample will be procured two months 
after treatment, both samples to be forwarded promptly (without preservatives) to 
our laboratories; (3) that no serum other than the immune horse serum be used, and 
(4) that the physician will report fully on each case treated. 
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IMMUNIZATION 


The extremely rapid progress of the disease, its mode of spread in 
the central nervous system, and the probable difficulty of immune serum 
making contact with the virus within the nerve cell seem to make the 
approach to the poliomyelitis problem by the way of serum therapy 
comparatively unpromising. Are there any other gateways to a pos- 
sible solution of this problem? This question has undoubtedly been 
asked many times before, and the answer which I shall propose has 
unquestionably been considered by others interested in the problem 
of bringing poliomyelitis under control. It relates to the possibility 
of active immunization against the disease. In giving thought again 
to this possible solution let us bear in mind the recently accumulated 
evidence pointing to a wholesale natural immunization against this dis- 
ease. As has been indicated, approximately three-fourths of the popu- 
lation in urban communities seem to acquire an immune serum by the 
time adulthood is reached. This would seem to offer some encourage- 
ment not only because of what it reflects in the way of an already 
partially finished job but also because of what we know regarding the 
generally superior position of the ultrasecopie viruses as immunizing 
agents (Andrewes, 1931,*° and others). Comparatively little experi- 
mental work has been done in this direction. While some unsuccessful 
attempts have been made to immunize monkeys with viruses killed by 
heat and germicides, more effort should probably be directed toward 
finding a possible means of effecting an inactivation of the virus with- 
out at the same time destroying its antigenic action. Some suecess 
has attended the use of living viruses in monkeys, especially follow- 
ing repeated intradermal inoculation (Flexner and Lewis, 1910°*; Ay- 
cock and Kagan, 1918*°; Stewart and Rhoads, 1929%*; Rhoads, 193057), 
but unfortunately, the use of living viruses does not afford sufficient 
proof against accidents to endorse its application in man. A _ small 
percentage of monkeys so treated do succumb to the disease during the 
process of immunization. Attenuation of the virus is not easily accom- 
plished, though here also more studies may possibly be pursued with 
profit. Flexner and Amoss (1924)** several years ago described a strain 
of poliomyelitis virus which became attenuated spontaneously and 
proved effective in the immunization of monkeys. Rhoads (1931)*° 
claims suecessful results in monkeys with suitable serum-virus mixtures, 
a procedure which parallels the use of toxin-antitoxin mixtures in the 
active immunization against diphtheria. Of particular interest, how- 
ever, are his more recent studies® in which he used successfully virus 
inactivated with aluminum hydroxide. According to Rhoads the virus 
when adsorbed to aluminum hydroxide, although still alive, is innoeu- 
ous even when injected intracerebrally. Several experiments earried 
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out by us tend to support this claim. It is, therefore, possible that some 
procedure such as this may offer a key to a solution of the poliomyelitis 
problem. 

Any effective method of active immunization also ealls for a con- 
venient, dependable, and inexpensive method of detecting those who 
require, or, do not require, active immunization. This in itself pre- 
sents a problem of no small dimension. Whether or not a suitable 
method may eventually be realized remains to be seen. A recent report 
by Jungeblut (1931)* indicating that an allergic response is obtained 
when poliomyelitis convalescent children are injected intracutaneously 
with heat-inactivated poliomyelitis virus, suggests that it may even- 
tually become possible to segregate immune persons from nonimmune 
persons by some such test. Other simple methods of getting such in- 
formation may perchance be worked out. Eberson (1930), for ex- 
ample, recently described a simple colloidal gold test for the detection 
and titration of poliomyelitis antibodies in serum. A test such as this 
would unquestionably prove exceedingly valuable not only in the iden- 
tification of immune persons but in other phases of the poliomyelitis 
problem as well. Unfortunately, more than a year’s effort to corrobo- 
rate his claims has left us disappointed. Further inquiries along these 
lines are nevertheless much needed since they strike directly at the 
roots of the general problem. 


SUMMARY 


1. The evidence at present indicates that the virus of poliomyelitis is 
a true ultramicroscopie virus, probably less than 50 py. in size. 

2. The virus apparently does not yield to cultivation on lifeless cul- 
ture media, but like other ultramicroscopic viruses is regenerated only 
in the presence of living tissue cells. 

3. As an antigen the virus ealls forth antibodies resembling anti- 
toxins more closely than antibacterial antibodies. This suggests that 
virus may be an aggregate much simpler in composition than a baec- 
terial cell, 

4. The pathogenicity of the virus is restricted to man and certain 
species of monkeys. 

5. The virus is highly selective in directing its attack, not only re- 
stricting its attack to certain hosts but to certain special cells within 
these hosts. After reaching the olfactory bulb from the nasopharyngeal 
vault, it seems to travel exclusively by nerve axons to different levels 
of the central nervous system, apparently remaining in all stages of the 
disease in very intimate association with nerve cells. 


6. The immunity following recovery from poliomyelitis is of a solid 
and durable character. This may be determined in part by a persist- 
ence of some virus in the tissues of the recovered individual. 
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There is evidence that a large percentage of the adult popula- 


tion has acquired an immunity to poliomyelitis by natural means, prob- 


ably as the result of a subelinical infection. 

8. The value of serum therapy continues to remain an unsettled 
question, the general impression being that it is of some value if used 
early enough in the disease. 

9. In addition to human convalescent serum for therapeutic pur- 
poses, there has become available the serum of certain normal human 
adults not known to have had the disease, and also the serum of indi- 
vidual poliomyelitis refractory animals which have been subjected to 
virus injections over a period of time. The serum of individual sheep, 
goats, and especially horses may attain an antibody value comparable 
to that of the average poliomyelitis convalescent serum. 

10. Actual solution of the poliomyelitis problem seems to rest on a 
systematic active immunization of children and young adults by appro- 
priate methods sfill to be worked out. Such preventive measures also 
eall for some convenient, inexpensive, and reliable means of detecting 


those who require artificial immunization. 
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RECENT ADVANCES IN PEDIATRIC OTOLARYNGOLOGY 


LEE WALLACE DEAN, M.D. 
Sr. Louis, Mo. 


N AN anatomical basis the nasal sinuses almost always have clinical 
O significance at birth. The ethmoidal cells are always present; a 
maxillary sinus is only rarely absent. A mother with an active strep- 
tocoecie sinus infection may infect her infant and the resulting sinus- 
itis be responsible for the death of the child. That the sinus disease 
has been the source of a toxemia that caused the infant’s death has 
been proved at autopsy. Amniotic fluid entering the tympanic cavity 
may at birth cause an otitis media neonatorum. The same fluid may 
enter a nasal sinus and by its chemical action cause a sinusitis neo- 
natorum. 

It is still debatable how much influence this chemical inflammation 
of the sinuses has upon the future selerosis of the ethmoid labyrinth. 
Certainly things happen in early infancy which result in adult life in 
ivory-like sclerotic bone in the walls of the upper posterior group of 
nasal sinuses. This often makes it impossible to get a satisfactory 
result by treatment of chronic infection of the nasal sinuses in the adult. 

It is impossible for anyone to predict by looking at an infant what 
the clinical significance on an anatomical basis of any sinus is because 
there is no way of telling the size of a given sinus by inspection. These 
sinuses are very precocious. A child of five years of age may have a 
sphenoidal sinus 18 mm. in diameter, or he may have a sphenoidal 
sinus of 3 mm. or less in cross-section. <A child of ten years may have 
a very large frontal sinus or he may have no frontal sinus whatsoever. 
The essential thing in studying the nasal sinuses of an infant or child 
is to find out first what sinuses are present and the size. For this 
reason in infants and young children the x-ray examination should be 
made early in the study of the patient rather than have it follow the 
complete clinical examination as in the adult. 

The first reason for making an x-ray plate of the sinuses of an in- 
fant or young child is to secure this information. Because the bony 
walls of the sinuses in infants and young children are softer than in 
the adult, we do not get the clear picture of the sinus in the x-ray 
plate that we do in the adult. A good x-ray picture of the nasal 
sinuses of an infant can always be secured provided the condition of 
the child will allow the giving of a general anesthetic. Only in ex- 
ceptional cases is it necessary to resort to this procedure. 

The x-ray examination of the sinuses often reveals a thickened 
membrane lining the sinuses or the sinus cavity may be almost com- 
pletely obliterated by this thickened membrane. The thickened mem- 
brane does not necessarily indicate infection of the sinus. The mem- 
brane is often thickened because of edema that arises from an allergic 
reaction. Repeated x-ray examinations sometimes show a sinus that 

379 





tell THE JOURNAL OF PEDIATRICS 


is completely blurred and has a thickened membrane on one day to 
have a lining membrane of normal thickness on the next. 

In the early stages of nephrosis the thickening of the membrane and 
the blurring of the sinus is almost always a part of the general edema 
of the child and there is usually at this stage no infection of the sinus. 
There is no way to differentiate in the x-ray plate between a thickened 
sinus lining due to infection and one that is due to edema unless re- 
peated examinations are made and the great variations in the thick- 
ening of the sinus lining are demonstrated. Naturally the edema of 
the sinus lining by interfering with ciliary action and by blocking the 
ostia of the sinuses soon causes infection of the sinuses. 


If streptococci are introduced into the nasal sinuses of a rabbit and 
the rabbit is killed soon after this is done, one sees the organisms 
caught in the layer of mucus surrounding the cilia. By means of the 
current of mucus which the cilia produce they are washed out of the 
sinus. The edema by slowing ciliary action, interferes with this 


procedure. 

While the current of mucus in the sinus may not always be in the 
direction of the ostium, eventually it turns so that it reaches the os- 
tium and the mucus passes into the nose. The movement of mucus is 
the main factor in keeping the sinuses free of microorganisms. When- 
ever we get stagnation of mucus in a nasal sinus it always results in 
infection. Stagnant mucus for the first 24 hours has a slight inhibi- 
tory action on the growth of microorganisms, but about the end of 
24 hours this is lost and the microorganisms multiply rapidly in the 
stagnant fiuid. 

Any swollen membrane about the ostium of the sinus, the blocking 
of an ostium by a foreign body, a swollen turbinate, a tumor of the 
nose or anything that causes stagnation in the sinus always results 
in infeetion. In nephrosis and in allergic conditons of the nose, if the 
edema is sufficient to cause stagnation, infection will soon set in. 

The nasal sinuses are usually sterile. Clouds of microorganisms do 
at times enter the sinuses with the air. They are, however, quickly 
removed. During inspiration a negative pressure equal to that of a 
4 mm. column of water is present in some of the hasal sinuses. During 
expiration a positive pressure of 4 mm. may be present. If an organ- 
ism of sufficient virulence enters the sinus, in spite of all the precau- 
tions for the sterilization of the sinus, it will enter the epithelial cells 
lining the sinus and produee infection. 

The defense reactions of the lining of the sinuses to infection are 
very interesting. First there is the thin layer of mucus which covers 
all the surfaces of the sinus, being driven toward the cstium of the sinus 
and mechanically carrying out of the sinus microorganisms and other 
foreign material. As was previously mentioned, this secretion is 
slightly bactericidal in its action. When and if the microorganisms 
succeed in penetrating the epithelial cells these cells are thrown off 
in masses carrying with them the microorganisms. In all early infee- 
tions of the sinuses there are ciliated cells in the nasal discharge. If 
the organism is very virulent, a layer of mononucleated cells is soon 
formed just underneath the epithelial lining which acts as a second 
defense layer deeper in the tissue. Later the polymorphonuclear neu- 
trophils enter into the defense reaction. If an exceedingly virulent 
organism is introduced into the sinus of a rabbit, one which produces 
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death in 24 hours by septicemia, the evidence of the defense reaction 
in the infected sinus may be entirely absent. The virulence of the 
infecting organism is a most important factor in the production of 
nasal sinusitis. 

This does not detract from the fact that deficient diet, malnutrition, 
anatomical anomalies of the nose, infecton of the mucous membrane 
from infected lymphoid tissue in the naso- or oro-pharynx, are all 
important etiologic factors in nasal sinus disease. 

The differential diagnosis between an edematous lining of a nasal 
sinus and an infected lining of a sinus can almost always be made by a 
study of the cytology and bacteriology of the discharge coming from 
the sinus. Only rarely is a sinus ostium blocked so that it is necessary 
to aspirate the sinus in order to make this study. 

If one is going to evaluate this observation, he must know the sea- 
sonal bacterial content of the nasal discharge in the neighborhood of 
the ostium of the sinus and the seasonal cell content for the period 
during which the examination is made. Polymorphonuclear neutro- 
phils are always present in the nasal discharge in the normal nose. In 
the north temperate climate they are much more abundant in January 
than in July; likewise there are many times more microorganisms 
present in the nasal discharge in midwinter than in midsummer. Con- 
sequently one must be familiar with the normal findings in order to 
judge the pathologie. 

A few tissue eosinophils are always present. A great increase in the 
number of tissue eosinophils present in the nasal discharge is always 
significant of allergy. It is not pathognomonic. 

In studying the cytology of sinus discharge, the discharge from the 
nose is examined by taking a cotton carrier and touching the neigh- 
borhood of the ostium of the sinus. The material adhering to the cot- 
ton is spread on a slide so as to leave on the slide strands of mucus if 
these are present. The strands of mucus in the nasal discharge act 
like a fish net and collect the cells that are present in the discharge. 
Similar preparations are made from the ear taking the discharge from 
the myringotomy wound immediately following the incision of the 
drumhead, or from a perforation in the drumhead. 

The film on the slide is gently fixed with heat, the slide is flooded 
with Wright’s stain for one minute, an equal quantity of buffered dis- 
tilled water is added for three minutes, the slide is washed with dis- 
tilled water, air dried and is ready for microscopic examination, It is 
important to know that the Wright stain is fresh and is giving good 
results. If any difficulty is experienced in obtaining satisfactory smears 
using this technic the trouble is sure to be with the stain. 

The bacteriologie study of the nasal sinuses is surely a most impor- 
tant part of the clinical examination. It can only be satisfactorily 
done by carrying out the following technic, or by using some similar 
method. The cotton on a probe is enclosed in a double glass sleeve. 
The sleeve protects the cotton from contamination during its passage 
to the point that it is desired to study. If a cotton swab is inserted 
into the nose without protection, it becomes contaminated before it 
reaches the area that it is desired to investigate. The double glass 
sleeve is inserted through a nasal speculum, the inner sleeve is pushed 
up to the exact point that it is desired to study. The cotton swab, 
which has been thoroughly protected by these outer coverings, is then 
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pushed through and the culture is taken, is then brought back into the 
sleeve which is withdrawn and placed in a sterile test tube to be taken 
to the laboratory for study. 

The usual method of getting material by use of the cotton on a car- 
rier gives only information as to the microorganisms which are in the 
surrounding air, and have been filtered out by the vibrissae in the 
anterior part of the nose. The above-deseribed technic gives informa- 
tion regarding only that portion of the mucous membrane of the nose 
which is touched with the cotton at the end of the carrier. 

The significance of B. tuberculosis in nasal sinus disease is doubtful. 
[f a person has a tuberculous kidney, a tuberculous lung, or an active 
tuberculous lesion in any part of the body, the finding of B. tuberculo- 
sis in an infected sinus will not make a diagnosis of tuberculosis of 
that organ even if the organism when injected into the guinea pig pro- 
duces tuberculosis. In the eases of nasal sinus disease where B. tuber- 
culosis has been present, there was nothing about the pathology of the 
lining membrane to suggest tuberculosis. The sinus infection heals 
without difficulty as nontubereculous lesions may heal. The B. tubercu- 
losis has a tendency to appear in any infectious process as a contam- 
inant if there is an active tuberculosis in other parts of the body. 
Tuberculosis of a nasal sinus is a rare condition. 

The development of our knowledge of allergic sinusitis has done 
much to prevent unnecessary surgical interference with the nasal 
sinuses. The fact, however, that a patient has an allergic sinusitis 
does not indicate that an infection of the nasal sinus or a septal anom- 
aly or other condition which in itself indicates corrective measures, 
should not be operated. Many cases of allergic rhinitis are very much 
improved by correction of deflected septa, so much so that one should 
give some thought to physical allergy in the nose. Certainly many 
eases of allergic rhinitis are benefited by the eradication of infection 
in the sinuses. The diagnosis of allergic sinusitis is made by the his- 
tory, a careful study of the cytology and bacteriology of the sinus dis- 
charge together with the finding of typical pale, water-logged mucous 
membrane in the nose. All efforts should be made to get the desired 
result by allergie treatment. In the event that the results are unsatis- 
factory, careful attention must be given to those things about the nose 
and nasal sinuses that may be a factor in the production of this condi- 
tion. In asthma and other allergic conditions, it is essential that 
careful study of the nasal sinuses be made to determine whether or no 
there is anything which is a factor in the allergic reaction, when and if 
allergic treatment has not given the desired result. 

Nasal sinus disease is an important factor in diseases of infants and 
young children. Much better results are secured in this class of eases 
than in adults from the treatment of the nasal sinuses. This is due 
mostly to the fact that the sinus disease in infants and young children 
has not the chronicity of the adult and while the pathology is similar, 
the fibrous changes in the mucous membrane and the chronie bone 
changes due to infection are much more marked in the adult than in 
the child. 

Acute osteomyelitis, secondary to nasal sinus disease, occurs with 
equal frequeney in children and in adults. The prognosis is better so 
far as the control of the infectious bone processes are concerned in the 
child than in the adult. 
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The best results with sick children suffering from nasal sinus dis- 
ease are secured by the most active cooperation between the pediatri- 
cian and the otolaryngologist. In every case of malnutrition and 
undernourishment where the child fails to respond to tonies or changes 
in diet, a complete examination of the sinuses should be made and the 
results of this examination and the procedure that is to be followed 
should be determined by personal conference between the pediatrician 
and the otolaryngologist. Whatever is done, it is most important that 
the child remain under the direct charge of the pediatrician. Team- 
work is what gives the best result in pediatric conditions associated 
with lesions about the nose, throat, and ear. 

Infected lymphoid tissue in the naso- and oro-pharyn~ is the most 
important source of infection and toxemia from the upper respiratory 
tract. Observations have been reported which would tend to show 
that the removal of infected faucial and pharyngeal tonsils predisposes 
to infection of the nasal sinuses, ears, and other parts of the respira- 
tory tract. The removal of these structures is so important in the 
management of the middle ear and of the nasal sinus infections that 
until more definite evidence has been produced, we should continue in 
infants and young children to conserve hearing and control nasal 
sinusitis without operation on the nasal sinuses by removal of infected 
lymphoid tissue, particularly from the nasopharynx. In cases of 
recurring attacks of otitis media or of nasal sinusitis in infants and 
young children nothing compares with this procedure in giving satis- 
factory results. Postmortem sections demonstrate conclusively the 
spread of infection subepithelially from the infected pharyngeal ton- 
sil up the eustachian tube to the tympanic cavity. It is particularly 
desirable that in evaluating the influence of the removal of infected 
lymphoid tissue on the production of nasal sinus disease, middle ear 
disease, and pulmonary lesions, that before the tonsils and adenoids 
are removed an exact determination of the condition of these struc- 
tures be made. 

It is regrettable that the only satisfactory procedure in the manage- 
ment of infected lymphoid tissue in the naso- and oro-pharynx is its 
removal. Until we know more about the eauses of lymphoid hyper- 
plasia in the upper respiratory tract, it is probable that no other satis- 
factory procedure will be devised. 

The care of infected teeth often controls infections about the fau- 
cial tonsils. Certainly the removal of large masses of adenoids often 
results with infants and young children in an improved condition of 
the faucial tonsils. Unfortunately five or seven years after this pro- 
cedure it is usually necessary to remove the faucial tonsils. However, 
if in infants and young children, there are no definite indications for 
the removal of faucial tonsils, when adenoids are present the adenoids 
should be removed even if in later years it is necessary to remove the 
faucial tonsils. When and if it is definitely proved that a faucial ton- 
sil is infected and is causing serious trouble, it should be removed 
regardless of the age of the child. 

In addition to the faucial and pharyngeal tonsils there are lymphoid 
structures about the pharynx which, if infected, may serve as foci of 
infection. At the base of the tongue anterior to the vallecula is a 
lingual tonsil. Below the faucial tonsils are the infratonsillar nodes 
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and then there are the follicles on the posterior wall of the pharynx 
and in Rosenmiiller’s fossa. 

When in a ease of glomerular nephritis the faucial and pharyngeal 
tonsils have been removed, and there is no nasal sinusitis of clinical 
significance, one should direct his attention to the lingual tonsil, the 
infratonsillar nodes, the diffuse lymphoid tissue on the walls of the 
pharynx, and the recurrence of lymphoid tissue in the faucial and 
nasopharyngeal fossae. 

A hemorrhagic nephritis which is made better by the removal of the 
larger structures, but in which blood persists in the urine may be con- 
trolled by directing attention to the lesser things. It is only rarely 
that the lingual tonsil, the infratonsillar nodes, the lymphoid apron 
on the posterior wall of the pharynx and the recurrent lymphoid tissue 
serve as foci of infection. Nevertheless there are many children with 
arthritis or nephritis that have been relieved by directing attention to 
these masses. 

The lingual tonsil when infected can best be removed by surgical 
procedure. A good method is to suspend the patient using the Lynch 
suspension apparatus and dissect out with a snare and tenaculum the 
tonsil on the base of the tongue. X-ray may be used. Often following 
the use of the x-ray a hypertrophied, infected, reddened lingual tonsil 
becomes flat, pale colored, looking quite innocent. The x-ray treat- 
ment of infected faucial tonsils is not satisfactory. The erypts of the 
faueial tonsils are deep, their orifices are constricted. With the x-ray 
treatment we only get rid of the lymphoid elements and we leave be- 
hind a fibrous mass containing the deep erypts filled with débris and 
microorganisms. The erypts in the lingual tonsil are only approxi- 
mately 4% the length of those in the faucial tonsils and their openings 
are funnel shaped. There is not the opportunity for infection to re- 
main in these shallow erypts with wide open mouths that there is in 
the erypts of the faucial tonsils. 

The use of x-ray in the control of infection in tonsillar remnants or 
in any structure with deep erypts is a questionable procedure. The 
x-ray has its greatest use in the removal of the lymphoid apron on the 
posterior wall of the pharynx which is so often present after tonsillec- 
tomy in children and the removal of the granular recurrent masses of 
lymphoid tissue which appear in the tonsillar and pharyngeal fossae. 
These things melt away before the x-ray as snow before the sun and 
often leave behind a perfectly normal appearing pharyngeal wall. In 
nephritis and arthritis and other conditions associated with infection 
of lymphoid tissue in the pharynx, this procedure often gives a very 
satisfactory result. The x-ray treatment should be given only by an 
expert. A minimum dosage only is required. Care must be exercised 
not to use a dosage that would be sufficient to cause dryness of the 
throat. 

Ulcerative and hemorrhagic lesions of the nose and throat are often 
responsible for and associated with changes in the blood cells. The 
same type of lesion may be the only symptom of a primary blood dys- 
erasia, the diagnosis of which is made possible only by a very careful 
differential blood count. In the throat we may see evidences of 
agranulocytosis, rarely of infectious mononucleosis, more commonly 
things causing lymphatic reactions. In the tonsils are sometimes ob- 
served the results of myeloblastie leucemia, aplastic anemia, myelog- 
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enous leucemia and lymphatic leucemia. The first symptoms of these 
diseases may manifest themselves in the throat. The differential diag- 
nosis between these various diseases can only be made by a very care- 
ful differential blood count. 

Agranulocytosis, which is a disease characterized by marked depres- 
sion of the granular elements in the blood with marked leucopenia, has 
various theories as to its cause, one of which is that it is a primary dis- 
ease of the bone marrow with a special predilection for the glandular 
elements. The diagnosis of this disease can be made only by careful 
differential blood studies. The throat picture of this disease may not 
difer from that of a myeloblastic leucemia, the main difference 
between the two being made on a blood differential count, which in 
myeloblastic leucemia shows myeloblasts, whereas in agranulocytic 
angina we have no blast cells present. In the same way, the differen- 
tial diagnosis between lymphatic reaction secondary to infection about 
the nose and throat and lymphatic leucemia is made by the finding of 
lvmphoblasts in the blood during lymphatic leucemia. 

Aleucemic lymphadenoses and myeloses can be differentiated only 
by very careful differential blood counts. It requires experience to 
recognize these early cells as lymphoblasts and myeloblasts. In aplas- 
tic anemia we have a disease, the earliest symptoms of which may be 
referable to the throat. The disease is characterized also by marked 
diminution in all three blood elements; leucocytes, platelets, and red 
blood eells. 

Very often we have a diagnosis made of monocytic angina with tem- 
porary rise in the monocytes together with a rise in the lymphocytes. 
This does not constitute a diagnosis of monocytic angina, and really 
represents only a temporary rise in monocytes which is not uncommon 
with infections in the tonsils, and the lymphatic reaction persists 
longer than the monocytic reaction. 

The exact determination of the blood findings is a procedure that 
requires experience, both in making the differential count and in its 
interpretation, and should be done by one trained in hematology as 
well as in clinical medicine. While the otolaryngologist may be able 
to make a fairly accurate blood differential count in most of the ordi- 
nary infections, when it is necessary to depend on blood findings to 
differentiate between the blood dyscrasias and infection, or to deter- 
mine the exact significance of the blood picture in severe cases of sep- 
sis, or to differentiate between lymphatic reactions and monocytic 
anginas or infectious mononucleosis, or to determine the presence of 
active tuberculosis, we should depend upon an expert for the examina- 
tion of the blood. 

In the diagnosis of tuberculous lesions of the nose and throat the 
Schilling blood differential together with the subcutaneous tuberculin 
test is invaluable. An increase in the number of stabkernige cells may 
be present in any infection and is always present in active tuberculous 
lesions. Syphilitie lesions, unless secondarily infected, do not show an 
inerease in stabkernige cells, neither do tumors unless infected. In a 
suspicious tuberculous lesion of the nose and throat, with an infectious 
blood picture as evidenced by an increase in the number of stabkernige 
cells, the blood picture can be modified by the use of tubereulin. After 
10 milligrams or less of the old tuberculin given subcutaneously with 
a tuberculous lesion that is not healed, we have an increase in the num- 
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ber of stabkernige cells in twenty-four or forty-eight hours, or a drop 
in lymphocytes. A negative blood reaction following 10 milligrams of 
old tuberculin excludes tuberculosis. 

There are certain anatomical findings in ears of infants which are 
responsible for a different therapeutic procedure than that which is 
indicated in the adult. The eustachian tube in the infant is much 
shorter and of greater diameter than in the adult. It has no isthmus. 
It is a good drainage tube, consequently in acute otitis media bulging 
of the membrana tympani because of retained fluid is not so often 
present as in the adult. Sometimes this tube is blocked as is evidenced 
by distinet bulging of the drumhead in the infant and the evacuating 
of fluid apparently under pressure by myringotomy. 

More common in the infant than the bulging of the drumhead is a 
condition due to edema of the drumhead with a resulting thickening 
of the membrane because of infection in the cavum. It is the differ- 
ence in the structure between the infant and the adult drumhead that 
accounts for the greater thickening in the infant. The fibrous layer of 
the pars membrane tensa is much thicker in the adult and more dense; 
the mucous layer is much thicker in the infant and the lymphatic 
spaces in the subepithelial layer are larger. The serum logged drum- 
head is characterized by an early loss of lustre; the membrane does not 
shine in reflected light as does the normal membrane; it is discolored ; 
early, it is drab, later it may be dark red. The landmarks of the mem- 
brane are early distorted because the membrane is thicker. The 
processus brevis appears smaller. The outlines of the long process of 
the malleus are not distinct. The light reflex is distorted or lost. 

If there is a question as to whether the drumhead is normal or not 
it may be incised. In otitis media, the drumhead does not cut like a 
normal membrane. It is not like eutting through tense thin paper, but 
rather like incising paper that has been moistened. 

A eareful study of the drumhead in infants will always diagnose 
acute otitis media when it is present. The membrana tympani is char- 
acterized by the absence of those things which are so striking in the 
same condition in the adult. The blister-like bulging of the drumhead, 
the bright red color, the yellow spot at the apex of the bulge are all 
unusual findings in the infant. 

The sinking of the posterior superior canal wall adjacent to the 
drumhead is not the usual finding with acute otitis media in the adult. 
There is almost always at least a slight sinking at this point in the 
infant. When present in the adult it suggests the need of mastoid- 
ectomy. It does not have this significance in the infant. Usually this 
sinking is very marked and has more significance in the diagnosis of 
this condition in infants than the changes in the membrana tympani. 
This bulge of the posterior superior wall is common in the infant as 
compared with the adult, because at this point the antrum of the in- 
fant is much closer to the canal wall] than in the adult and the tym- 
panic membrane forms the innermost part of the posterior superior 
wall of the canal. 

In the adult there is a distinet layer of hard bone between the mas- 
toid antrum and the canal. In the infant this bony wall is often 
absent. When present it is usually a thin, paper-like layer of bone 
which may be penetrated with the myringotomy knife. At times the 
mastoid abscess ruptures into the canal at this point. The bulging at 
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this point may be confined either to the portion of the wall over the 
mastoid antrum or that part of the wall formed by the tympanie mem- 
brane; usually both are invoived. This bulging in the posterior supe- 
rior wall is more red than normal. It looks at times very much like a 
blister. 

The incidence of the bulging of the posterior superior wall of the 
canal in infants with otitis media is influenced by the presence of 
mesenchyme in the attic. It is not all absorbed until several months 
or even years after birth. The embryonic tissue is easily infected and 
when infected it swells. The swollen mesenchyme obstructs the floor 
of the attic. This separates the mastoid antrum and the attie from the 
tympanie eavity proper. 

With the growth of the child, the mesenchyme is usually absorbed. 
Large cavities filled with air appear in it. With the complete absorp- 
tion, the ligaments which support the ossicles and which, together with 
the ossicles form the floor of the attic, become separated by distinet 
air spaces, so that in the older child and in the adult this blocking does 
not so readily take place. The only exit from the mastoid antrum is 
through the aditus ad antrum and when the aditus, the attic, or its 
flocr is blocked by the swollen embryonic tissue, there may be pus un- 
der pressure in the mastoid antrum and no pus in the tympanie eavity. 
The embryonie tissue may be in the aditus ad antrum, in the attic, or 
in the floor around the ligamentous bands supporting the ossicles, or 
in all three places. 

The ligamentous bands supporting the ossicles are really folds of 
mucous membrane. They become edematous and swell and help block 
the drainage from the antrum tympanicum,. The ossicles in the in- 
fant’s ear are as large or almost as large as the adult ossicles. These 
contribute to interference with drainage from the attic and tympanic 
antrum. The mesenchyme, the membranous folds supporting the ossi- 
cles and the great size of the ossicles, compared with the size of the 
tympanic cavity in the infant all together, in mild infections of the 
middle ear, contribute to the interference with the drainage from the 
upper and posterior parts of the tympanic cavity. For this reason 
myringotomy in infants may not give the desired result. The more 
one studies the anatomy of the mastoid processes in infants one year 
of age, and the more he operates on these infants, the more is he con- 
vineed that mastoid cells may be present and have clinical significance. 

If, following a myringotomy in an infant, the desired result is not 
secured, there is but little objection to opening the antrum tympani- 
cum if the procedure is done earefully. The operation ean be done 
under a local anesthetic. If necessary both ears can be operated upon 
and the operation completed in seven minutes. The more work that is 
done, the poorer will be the results. The operation should consist of 
the uneapping of the antrum and any cells which may be present. Un- 
der no circumstances should a curette be used in the cavities uncapped. 
It is not advisable to sponge out the eavities or even wipe them dry 
with cotton on a probe. All traumatism of the barriers to infection 
already erected by nature should be avoided. The thing that is de- 
sired is drainage and drainage only. The operation can be done on 
infants that are very critically ill, with but little postoperative re- 
action provided proper preparation for the operation has been made 
by the pediatrician. 





38s THE JOURNAL OF PEDIATRICS 


If it is desirable to make a bacteriologic examination at the time of 
the operation one should not depend on cultures from the secretions 
present but the thin layer of bone with its attached membrane that is 
secured in uncapping the antrum should be used. The organisms will 
be found in the infected membrane lining the antrum, A routine 
study of the pathology of the bone chips removed should be made. 
The activity of the osteoblasts in the pieces removed in operations on 
the mastoids of infants will convince the surgeon that the pathologic 
processes are not limited to the lining of the middle ear. 

Naturally before there is any postauricular drainage the pediatri- 
cian will make every effort by feeding, repeated transfusions, ete., to 
bring about a satisfactory condition of the infant without operation. 
In the event that he fails in seeuring this desired result, when and if 
it can be shown that the ear is responsible for the disturbance, the 
operation is indicated. The pediatrician should properly prepare the 
infant and the postauricular operation should be done at an hour fixed 
by the pediatrician as being the optimum time. 

The author, who works constantly in connection with the pediatric 
service, cannot conscientiously refuse to urge drainage of the mastoid 
antrum, particularly in undernourished children in eases of acute 
otitis media where the infant is slipping in spite of the very best pedi- 
atrie treatment. He is convinced that the pessible benefits in many 
eases will greatly outweigh the possible deleterious results when and if 
the drainage is properly performed. 

Aeute infections about the ear, nose, and pharynx may be responsi- 
ble for a diarrhea in an infant suffering from malnutrition. The story 
is often as follows: the infant developed an upper respiratory tract 
infeetion which became complicated by a diarrhea, When the patient 
is seen by the otolaryngologist, there is usually present infection of 
the middle ear, infection of the nasal sinuses and infection of the ton- 
sils. With this diffuse process there is nothing to do except to resort to 
the most conservative treatment. When and if as this condition pro- 
gresses the process becomes localized in an ear or in the nasal sinuses 
or there is a retropharyngeal abscess and if the pediatrician is not 
securing the desired result by his feeding and transfusion, ete., and if 
after consultation between the pediatrician and the otolaryngologist, 
an agreement is reached that the infectious process is exerting a dele- 
terious influence, a sincere effort should be made to obliterate the 
source of the trouble. Often infants who are not improved by drain- 
age of the antrum tympanicum do well after the eradication of a nasal 
sinus disease. 

In bacillary dysentery where an acute otitis media or a sinus sup- 
puration exists as a complication, it is sometimes advisable to drain 
the antrum of the middle ear or to drain a maxillary sinus in order to 
secure a good result. An infant with a Hiss-Russell dysentery who, 
after weeks of treatment, is constantly slipping and when the prog- 
nosis is apparently hopeless, when and if a suppurative process is 
present in the mastoid antrum or in the maxillary sinus, these should 
be drained because of the fact that some of these infants have 
promptly improved following these procedures which were done with 
a minimum of trauma and shock after proper preparation. 

When a myringotomy is done on an infant or young child, a cyto- 
logie study as well as a bacteriologie study should be made of the fluid 
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secured at the time of myringotomy. If when a myringotomy is per- 
formed a eytologie study is not made one often notes on the clinical 
chart the observation that the drumhead was incised and the serosan- 
guineous fluid or bloody fluid was secured. If a eytologie study is 
made the observation on the chart will show the number of polymor- 
phonuelear cells present and give to the clinician an idea of the extent 
of infection. The amount of degeneration of polymorphonuclear 
neutrophils may have a bearing on the extent of bone change. 

In connection with the discussion of allergy of the ear, it is note- 
worthy that in over 1000 observations no case of eosinophilia in the 
ear discharge has been noted, even when in many of the cases there 
was a marked eosinophilia of the nasal and nasopharyngeal discharge. 

In connection with the bacteriologie work it is well to remember that 
the normal tympanic cavity is usually sterile and if cultures are made 
at the time of myringotomy we will probably pick up an etiologic fae- 
tor. Following myringotomy the true etiologic factor usually becomes 
lost in a mass of contaminants. It often happens that Pneumococeus, 
Type III, is found at the time of myringotomy, has been absent on 
repeated examinations of the ear discharge, and was then found again 
at the time of operation on the mastoid. ‘ 

All eases studied should be examined for both aerobic and anaerobic 
organisms. Most anaerobic organisms are secondary invaders; they 
have much to do with the foul odor in the ear. The foul odor is due to 
the presence of incompletely oxidized cleavage products. These or- 
ganisms are found to be more abundant in destructive processes. 
Ordinarily they are harmless, but they may contribute to a pathologie 
process under suitable conditions. They cannot be disregarded as im- 
portant factors. For instance, in one ease of mastoiditis with thrombo- 
phlebitis, abscess in the neck, septicemia and finally meningitis, the 
B. melaninogenicum was found and was the only organism found in the 
neck, in the blood stream, and in the spinal fluid. If it was present in 
the ear itself at the beginning of the infection, its presence was not de- 
tected. Certainly in the last two weeks of the patient’s illness, a most 
careful search failed to reveal any other organism than the B. melan- 
inogenicum, and it seemed to be the only etiologic factor of the septi- 
cemia and the meningitis. When the neck became infected, it was the 
only organism found. When meningitis developed, it was the only 
organism present in repeated examinations of the spinal fluid. With 
the development of septicemia it appeared in the blood. In a second 
ease of otorrhea this organism was found, but in this instance it had 
little clinical significance. 

The Pneumococcus, Type III, has continued to be a very dangerous 
organism. We have found it often at the time of mastoidectomy when 
its presence was not suspected, owing to the fact that it could not be 
picked up in the ear discharge. These cases have all behaved as the 
routine infections of the mastoid do and the finding of the organism at 
operation does not in any way influence our prognosis. The finding of 
this organism at the time of myringotomy does have a decided bearing on 
our prognosis. In every case in which this organism has been found 
it has been necessary sooner or later to do a mastoid operation. One 
should exercise the very best clinical judgment. If the blood count, 
the temperature, and the general condition of the patient will allow it, 
he should postpone his mastoid operation until nature has had an 
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opportunity to limit the infection. Early operation is to be avoided if 
possible. The fact that in all cases where the presence of this organ- 
ism was not suspected but was found at operation did so well, demon- 
strates this. We should not do a mastoid operation as soon as the 
Type IIL pneumocoecus is discovered. We should realize that in al- 
most every case, sooner or later, a mastoidectomy will be needed. A 
conservative course gives the best result. 

The presence of B. tuberculosis in the ear discharge has the same 
clinieal significance as in the nasal discharge if there is an active tu- 
berculous process in some other part cf the body. Acute otorrhea 
with this organism may heal in a few days without any evidence of 
tuberculosis in the middle ear, 

Torulae may be found in the throats of infants suffering with mal- 
nutrition or they may be found in the external auditory canal. Oceca- 
sionally they are found in the ear discharge. When present they seem 
to have no significance. 

The Schilling blood differential count is of great importance in ear 
infections. The interpretation and evaluation of the degree and seri- 
ousness of the infection can best be measured by the blood differential 
count. Prognosis is very closely associated with blood differential 
changes. An increase in the stabkernige cells in the Sehilling blood 
differential is a degenerative picture, and in ear infections in itself is 
not of serious moment. With an increase in the severity of the infee- 
tion, vounger cells, so called jugendliche cells appear in the blood 
stream, and classify the picture as a regenerative one. With further 
progression of the infection, more serious regenerative pictures are 
seen with the presence of myelocytes. Myeloeytes in the course of an 
infection are always to be considered very seriously. The time to 
operate may be very decidedly influenced by a blood differential count. 
The progress following operation or other treatment can be most 
accurately determined by the blood differential count. The onset of 
complications can also be measured accurately. 

Bunch and Grove studied a group of persons ranging in age from 
17 to 60, who according to their histories in the Department of Pediat- 
ries of Johns Hopkins Hospital, had otitis media in infaney. Each 
child had a history of having had three or more myringotomies. 
Ninety per cent had an appreciable hearing loss when examined. One 
third of these had discharging ears years after the original otitis. This 
series gives a surprisingly large percentage of good hearing a number 
of years after the otitis media in infancy. 
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Dr. Cart H. Laws 


E have just passed through an epidemic of poliomyelitis from which con- 

siderable knowledge has been obtained. The most striking feature of -this 
epidemic has been the early diagnosis of the disease. This desirable end was 
brought about not through the development of new symptoms nor signs, but by 
**polio-conscious doctors, nurses, and public.’’ 

This desirable state of affairs was brought about chiefly by the hope that con- 
valescent serum might be of help. As has been said so far as signs and symptoms 
in the patient are concerned there is nothing new. It may be worth while, how- 
ever, to discuss and review them though at no great length. 

Poliomyelitis is recognized as a general systemic disease, which in a certain 
number of cases attacks the gray matter of the anterior horn of the spinal cord 
but may involve other portions of the brain and cord. This results in paralysis, 
in a certain percentage of cases, which may be more or less permanent, and may be 
flaccid or spastic according to the motor neurons involved. 

The virus is found in the brain, spinal cord, mesenteric glands, tonsils and 
mucous secretions of the nasopharynx, trachea and intestines of persons dead of 
poliomyelitis, and in the nasopharyngeal secretions and washings of the rectum in 
persons acutely ill of the disease. It may be found in the nasopharyngeal secre- 
tions of apparently well individuals (carriers) or in convalescents. 

On the whole, experimental evidence, while not excluding other means of trans- 
mission, points to the probability that poliomyelitis is a contagious disease—spread 
from person to person through interchange of infectious secretions. The sources of 
infection are the acute cases of poliomyelitis, convalescents and human carriers. 
This view accounts for the transmission of the disease along routes of travel. 
Symptoms. The incubation period is from five to seven days occasionally one 
day to eighteen days. The last epidemic supports the contention of Draper who 
separates the clinical symptoms into four main groups: 

1. Abortive or nonparalytic—in which no paralysis follows the initial sys- 
temic disturbance. 
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2. Those which have a period of well-being after the initial symptoms fol- 
lowed by another well-defined illness. 

3. Those cases in which there is no intermediary cessation of symptoms— 
the symptoms of the first phase fuse with those of the second (systemic with 
meningeal). By means of an ataxic tremor present for only a few hours dur- 
ing the course of the disease Draper attempts to recognize the passing of the 
virus through the choroid plexus to the central nervous system. 

4. The fulminating cases in which the symptoms point to the virus attacking 
the central nervous system immediately on its entrance into the body. 

Most of the cases in this epidemic fell into the third group; i.e., no inter 
mediary phase. A small number could be properly classified in Group 4. 

The onset of the disease was sudden, with fever, vomiting, headache, and drowsi 
ness—gastrointestinal symptoms were not common. Neck rigidity, rigidity of the 
spine and a moderate Kernig were usually present. The child did not want to be 
moved and in some cases there was considerable pain on manipulation, oceasionally 
along the nerve trunks. Muscular tremors were not common. Sore throat was 
present in most cases. In the bulbar cases inability to swallow and to speak plainly 
were the outstanding symptoms. 

In the infants under one year of age, the disease started as an ordinary 
pharyngitis. Neck rigidity, stiffness of the back and Kernig sign were usually ab- 
sent. In two of these cases drowsiness with fever were the only symptoms observed. 
Vomiting was not often present. The indefinite symptomatology and physical 
findings in infants made us feel that many of such cases were undiagnosed. 

During the epidemic it was felt that some of the children with sore throats 
but without other findings might actually have nonparalytic poliomyelitis. Spinal 
puncture on 12 such eases showed that in five poliomyelitis was present. 

We had the opportunity of observing 5 multiple cases (2 in each family). 

T. H., 2% years old, was admitted on July 17 and discharged on August 4. 

Frank, 18 months old, was admitted on August 18, 14 days after his brother 

was discharged from the hospital—he had been ill for 2 days (period 12 

days). 

M., 3 years old, was admitted on July 11 and died on July 14. 

John, 10 months old, was seen 16 days later with acute poliomyelitis. 


S., 16 months old, who had poliomyelitis was discharged from the hospital 
on August 3 after 3 weeks’ isolation. Four days later his brother, G., 4 
years old, was admitted on the second day. of his illness. 


T., 344 years old was admitted on July 20 on the third day of his illness. 
One day later his brother, J., 9 months old, had fever and was drowsy. He 
was admitted to the hospital and a spinal puncture revealed 250 cells. He did 
not develop paralysis. 

M., 3 years old, was admitted on September 21 on the second day of her 
illness with typical signs and symptoms of spinal poliomyelitis. One day 
later 40 ¢.c. of maternal blood was administered intramuscularly to her sis- 
ter, C., aged 5 years and to her brother, M., aged 7 years. Exactly 6 days 
after the onset of M.’s illness C. came down with poliomyelitis; the spinal 
fluid count was 600 cells eight hours after the onset of the disease. The 
brother, M., was then given 20 ¢.c. of convalescent human serum. He did not 
develop the disease. It would appear that the intramuscular blood failed to 
protect the sister. The examination of the mother’s blood by Dr. W. H. 
Park of the New York Health Department showed quite a high titer of anti- 
hodies. We are unable to explain this failure except on the basis of in- 
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sufficient antibodies or an early attack of the central nervous system as shown 
by the high spinal fluid count, without any signs or symptoms of a preceding 
systemic invasion. 

These cases illustrate very well the difficulties of determining the period of in- 
cubation and the practical impossibility of determining from congested areas, the 
sources of contact. These must be sought in rural communities. 

There is no symptom outside the paralysis that indicates the onset of the 
paralytic stage with the exception that in about 10 per cent of the cases some tremor 
was observed. The paralysis may come on quickly in the course of a few hours or 
as is more frequently the case, it may develop slowly and its extent not be known 
for 3 to 4 days. While fever is present there is a possibility of the paralysis de 
veloping or extending. 

In most of our cases the paralytic stage occurred before the third or fourth day. 
In the 1916 epidemic, 71 per cent of the cases showed paralysis before the fourth 
day. The paralysis may be only a loss of strength or a temporary weakness. It 
may be limited to a single muscle, a group of muscles, an extremity or it may be 
generalized. 

The cerebrospinal fluids showed characteristic changes. The fluid was usually 
under inereased pressure. It was sterile and a few samples were cloudy. The number 
of cells was definitely increased as were the albumin and globulin. The cell count 
was increased from 30 to as high as 600 cells. The majority of cases showed a 
count between one and two hundred cells. Early, the polymorphonuclear cells 
predominated. Later at the onset of the paralytic stage the mononuclear lympho 
cytes formed from 75 to 100 per cent of the cells. The cells then rapidly disap 
peared from the spinal fluid so that after 10 to 14 days the counts were again 
normal. 

Chemical studies on the chloride, sugar, calcium and phosphorus of the blood 
and spinal fluid were done on 12 eases. The blood and spinal fluid intended for 


analysis were obtained at the same time. The averages were: 


Blood Spinal Fluid 
ehl. 524 -625 ehl. 688 -750 
sugar 73.4-150 sugar 58 - 80 
eal. 9.6- 12.5 eal. 3.5- 7.1 
Py 3- 6.2 Px 1.5- 2.8 


Although the findings are within normal limits, it is of interest to find how 
closely the various chemical constituents of the blood and spinal fluid parallel them- 
selves. 

The blood studies showed a polynuclear leucocytosis from ten to twenty thou- 
sand. The polynuclears predominated with a range between 50 and 80 per cent. 
The urines in most of the cases were negative. 

Prognosis.—No definite prognosis can be made during the acute febrile stage. 
As long as fever is present there is a possibility of extention of the process. A 
child with very slight initial symptoms may develop a rapidly ascending and wide 
spread paralysis which will end fatally, while on the other hand a case with an 
acute onset and stormy course may subside in a few days without paralysis. The 
number of cases that develop paralysis varies with the epidemic, the amount of 
paralysis and ultimate recovery also vary in the different epidemics. 

The problem of prevention is of greatest importance particularly when the cause 
and mode of transmission of the disease are unknown. Assuming for the present 
that the disease is caused by a virus and that the mode of entrance and escape 
from the body is through the secretions, particularly of the nose and throat, the 
control of epidemics naturally rests in the proper isolation of individuals ill with 
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the disease, contacts and carriers. The early diagnosis of the p »paralytic stage of 
the disease, prompt isolation of the patient and proper management of contacts are 
essential. The various poliomyelitis commissions are to be commended for their 


work in teaching the physician to recognize the cases early and to segregate the 


patient properly. 


Dr. Louts C. SCHROEDER 


Three major epidemics of poliomyelitis have occurred in New York City since 
the turn of the century. It is extremely difficult to evaluate even after this ex- 
tensive experience, many of the procedures which were employed to combat them. 
After witnessing the same hysteria about quarantine and almost but not quite the 
same difficulties in diagnosis and considering the disappointing results with con- 
valescent serum in 1931, one is not surprised to hear physicians say there is nothing 
new about poliomyelitis. This pessimistic attitude is distinctly a defeatist one. 
It is a note which should never be struck, least of all by physicians. 

There have been distinct gains. Laboratory and field studies have yielded valu- 
able information about the virus which causes the disease. It makes little or no 
difference whether a specific name can or cannot be attached to it. Unseen 
agencies, if one knows their natures, their methods of entrance into and departure 
from the body, and that evidence we have in poliomyelitis, need not dismay us 
nor make us hysterical in the face of an approaching epidemic. 

Too frequently physicians when asked by parents what causes the disease reply 
that they do not know. No one doubts now that it is produced by a virus which is 
characteristically unable to increase away from living tissue, can pass through a 
filter, resists freezing temperature for a considerable time, is rendered innocous 
after a half hour at a temperature of 65° C., and what is most important, does 
produce in the monkey almost the same changes as occur in human beings. 
Psychologically, imparting knowledge of this kind to harassed parents, especially 
when followed up by a brief discussion of the manner in which it has been shown 
that serum from recovered cases neutralizes the virus is of tremendous help to them. 
Mothers are more apt to have sick children seen earlier when they have been taught 
that the medical profession does really know something about the cause and course 
of infantile paralysis. 

Another gain and a major one of the greatest practical importance has been the 
increase in the number of cases which were diagnosed early. This desirable result 
was accomplished by the simple expedient of getting physicians aroused to the 
needs of early diagnoses and then furnishing the means for making them possible. 
Only those physicians who went through the 1916 epidemic can fully appreciate 
what advantages were offered in 1931. A by-product of the aroused interest of 
physicians was a fuller realization of the fact that to recognize poliomyelitis early 
it is absolutely and imperatively necessary to think of it as a systemic infection 
and not as a form of paralysis. This shifting of emphasis has proved of incalculable 
benefit. 

Of all the factors which were responsible for the number of cases diagnosed 
early one stands out above all others. This was the organization of squads to do 
the necessary spinal tappings and fluid examinations. Certainly in densely popu- 
lated areas it has proved more efficacious than was thought possible. That it can 
be applied to other sections of the country, even to rural areas is not to be 
doubted. 

Another field of the poliomyelitis problem in which a distinctly creditable ad- 
vance has been made is the early treatment. No longer are paralyzed areas ir- 
ritated in the early stages of sensitiveness by unwise massage or manipulation. 
Instead the value of rest, not only for the patient as a whole, but particularly for 
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the affected part has been realized. A shoulder paralysis calls for support that 
takes the burden off the deltoid, bed clothes are cradled instead of being allowed 
to weigh down paralyzed extremities, and sand bags or light casts applied early 
prevent later crippling deformities. These early orthopedic measures are now prac- 
tically universally used—which could not be said a few years ago. There is no 
need to dwell on the tremendous advances in the treatment of bulbar cases by the 


respirator, of the increasing appreciation of the proper orthopedic after-treatment, 


especially muscle training and the gradual growth of the importance of proper ex- 


amination of the deep and superficial reflexes always having in mind the early de 
tection of muscle weakness. 

This Round Table Conference should consider the ever present difficulties which 
present themselves to the pediatrician and the general practitioner at the beginning 
of and during the epidemic. Time will not permit a consideration of such enticing 
research studies as Jungblutt’s maturation theory, Draper’s anthropological studies, 
the interesting developments from the study of blood groups or Aycock’s splendidly 
conceived idea of autarcesis to explain certain of the curious problems in epi 
demiology. 

With the possible exception of considering certain phases of the spinal cord 
pathology, it will be well to omit or at least limit, all theoretical issues. That 
definite knowledge of the pathology of the disease is desirable for every physician 
must be admitted. Just what the changes are in the spinal cord should be fully 
appreciated by anyone who gives immune serum intrathecally. Granted that this 
procedure when properly done is harmless, granted that there is no doubt that 
there is a free exchange in both directions between blood and spinal fluid of both 
virus and the immunizing substances of the serum, is one justified in advising the 
intraspinal administration of immune serum? It is known that the toxin of the 
virus makes its way deep into the substance of the cord. The question of whether 
perivascular cuffing leads to the death of the anterior horn cells or whether these 
cells have died from the toxic action of the virus before the cuffing takes place has 
no direct bearing on the question of the value of intraspinal serum which it is 
hoped you will discuss. 

Every theoretical consideration makes immune serum worth all the effort to 
collect and administer it. Physicians would be guilty of the grossest neglect if they 
failed to use to the fullest extent a remedy that promises so much. However the 
time has come when it is only fair to question this mode of treatment. Two specific 
problems therefore present themselves. Does immune serum have any value in the 
human being and does the intraspinal administration of immune serum justify 
itself? 

Reading the evidence thus far presented as to the value of serum one finds that 
it runs the gamut from Netter’s enthusiastic hopefulness over thirty-odd cases in 
1915, through Aycock and Luther’s hundred-odd cases with favorable results if 
used before paralysis in 1928, to Shaw’s statement in 1931 that the results are 
fairly convincing evidence that serum is of value. Granting the sincerity of all 
these studies certain inherent difficulties make it almost impossible to find an 
answer. Such difficulties as not knowing what cases would develop paralyses, of 
knowing whether the disease was actually present, of not knowing the value of the 
various sera and remembering the variations in epidemics and individuals, present a 
problem of the most complex kind. 

During the epidemic in 1916 in New York a certain amount of immune serum 
was available. Among some physicians the value of it was considered doubtful but 
only opinions were expressed. The epidemic last year, however, did give full op- 
portunity for the carrying out on a large scale of controlled cases. Those closest 
to the studies are quite definitely sure that the serum as now collected and used 
does not live up to the hopes raised by theoretical considerations, 
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To help further in the discussion of the value of the use of serum intraspinally 
it may be mentioned that even homologous sera may irritate the meninges beyond 
what has been conjectured and that the meningeal changes in certain epidemics 
may be much more severe than past observations of the pathology would lead us to 
believe. 

Whether or not poliomyelitis will ever become pandemic is of course a moot 
question. That our own country may have to bear the brunt of a widespread in- 
vasion is well within the limit of possibilities. The Mediterranean cities have not 
been free of it, reports of epidemics in Genoa and Strassburg came out last year 
and California has had disquietingly short intervals between outbreaks in 1925, 
1927, and 1930. 

Bearing this fact in mind the time does seem ripe for concerted action on the 
part of every county medical society in the United States. 

Organized efforts by physicians themselves have led to many happy results. It 
is sincerely hoped that this Round Table Discussion will lead to sound practical sug- 
gestions as to how each county society in every state of the union can prepare a 
program against a possible invasion by poliomyelitis. There is a need for unity 
of action, controlled direction from a central source and a singleness of purpose 
on the part of physicians as individual practitioners and as members of an or- 


ganized intelligent body 


There is increasing evidence that these much desired ends can be brought about 
when the county medical society has the controlled direction, keeps alive in each of 
its members the desire for unity of action, provides the means, when necessary, of 
making diagnoses early, provides for early and late orthopedic care, and develops 
a proper system of follow-up. Instead of sitting supinely by in the face of a great 


health problem, the county medical societies should reverse the usual policy of wait- 
ing for lay organizations to tell them what is necessary. 

The Kings County Medical Society of Brooklyn, New York, has a definite, an 
intelligently conceived plan that promises well for the future and might serve as a 
model for other county societies. 

Dr. Laws then outlined the plan prepared by Dr. Gordon and which was adopted 
by the Kings County Medical Society. 


For article, see Pp. 399.) 
DISCUSSION 


DR. STRONG.—One of the things of more than passing interest, that Dr. 
Schroeder has brought out, is that the first epidemie happened in a southern state in 
the middle of the last century. As far as the virulence in the South is concerned it is 
my impression that it is just about the same as in the North. Some ten or twelve 
years ago there was an epidemic in Dallas, Texas, in which the death rate was not 
especially high but outstanding clinical manifestations were quite the same as in 
other sections of the country. About fourteen years ago we had a mild epidemic 
here in New Orleans. I saw a large number of the cases. The epidemic was mild 
in that the percentage of paralysis was about 40 per cent. At the time we were dis- 
posed to become dangerously enthusiastic over the use of urotropine because it was 
believed to pass through the choroid plexus. The epidemic did not last long. In 
Dallas the cases were sporatic. 

Question: What should be the attitude about closing or opening schools? 

Answer: No rigid rule can be laid down. There is a minority opinion which 
believes that owing to the absence of contact cases among physicians, nurses, and 
siblings there is never any need of closing a school. The majority opinion, how 
ever, is that the course and extent of the epidemic must decide the question. 
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Question: Did the last epidemic in Brooklyn show that food or any other agency 
were factors in the distribution of the disease? 

Answer: No. Families were advised, however, to use pasteurized or boiled milk, 
to pare fruit and to thoroughly clean all raw vegetables, or any food likely to be 
contaminated. 

Question: How long were children kept in quarantine? 

Answer: Three weeks provided fever was absent. 

Question: One year in Spokane practically all the cases, some twenty-three or 
twenty-four, were very severe with a mortality of practically 100 per cent. The 
same year in Seattle in the same state a very mild epidemie broke out with a 
very low mortality. Was there a difference in the virus? Was it an individual 


susceptibility or was there a difference in the dosage? This also shows the dif- 


ficulty of judging the results of treatment. Had those in Seattle used serum or 
any treatment different from that of the physicians in Spokane, wrong conclusions 
may easily have been drawn. 

Answer: No frank answers to the questions here raised are available. The re 
port of the official commission which investigated the epidemic in Alsace in 1930 
sheds light on the problems raised by the questions. The commission reported: 
‘*The epidemic was frankly influenced by certain climatic conditions, elevations of 
temperature in the surrounding regions, drying of the air and lowering of the sub 
terranean waters, weather phenomena preceded by a period of cold, an increase of 
the hygrometric conditions of the air and an elevation of the level of the subter 
ranean waters. As a whole the observations of the committee support the theory 
of the propagation of poliomyelitis through interhuman contact but declare that 
such evidence does not suffice in itself. Geographic, geological, hydrographic, and 
meteorologic characters come into play and constitute a complex of influences 
that must be taken into account in the future.’ 

To be a little bit more specific there is the possibility that the children in 
Spokane were not subjected to previous doses of the virus so that they had not 


’ 


developed any immunization whatever. Granting, as we must that the virus is 
widespread in its distribution over the United States, why is it that the northern 
states continuously show a greater incidence? As Aycock has pointed out, ‘‘ Studies 
of the incidence and seasonal fluctuations of the disease in cool and in warmer 
climates, give reasons for believing that the variation in the incidence of the dis 
ease is not due to variations in the dosage or virulence of the virus but to variations 
in the susceptibility of the host. For example, poliomyelitis is a disease of the 
warmer seasons of the year. If warm weather enhanced the virulence of the virus 
or made for the transmission of larger doses, it would be expected that the disease 
would be more common in the warmer climates. No variation in virulence or dosage 
of this and other viruses has been shown to occur in different climates.’’ 

From these conclusions Aycock develops the theory that a form of resistance to 
the virus, which must be distinguished from immunity, is inherent in everyone and 
those unable, because of failure to adapt themselves, physiologically to seasonal 
variations, fall more easily before the virus. 

Question: Has any plan similar to that adopted by the Kings County Medical 
Society been tried out in a rural section? 

Answer: Somewhat similar plans were tried in rural areas of Michigan. Phy- 
sicians prepared to obtain and examine spinal fluids were available as consultants. 
Those familiar with the work felt that this was the best way to find cases early 
and thus tend to limit the spread of the disease. 

Question: There is a general impression that colored children possess greater 


resistance to the disease. Is this true? 
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Answer: The incidence rate in Greater New York is low for colored children. 
This has also been the impression in other communities. It must not be forgotten, 
however, that no matter if white and colored children do play together there is 
likely to be a much less proportion of this social admixture than obtains among 
white children considered alone. 

Dr. Strong. Although I have no figures to substantiate this statement, I 


would say that in the mild epidemics which have occurred in this section, the cases 


we Saw were more frequently among the whites. 

Question: Are any figures available as to the value of intramuscular injections 
of parental blood as a measure of prevention? 

Answer: Not as yet. Because of its wider use some definite evidence may soon 
be available. All that can be said is that it has not always been successful. The 
difficulties of judging this procedure are even greater than in trying to fix a value 
on immune serum. 

Question: Have studies on blood groups yielded any information of value? 

Answer: Yes. The field is one deserving of much greater study. In Strass- 
burg Rohmer found that Group A is particularly susceptible while Group AB 
is refractory. Plans are now under way to group all donors of immune serum 
and it is possible that such studies as these may prove useful. 

Question: What answer should be given to the mother who asks whether or not 
she should take her children away from an infected area? 

Answer: No advantage is gained. It is better to keep the children home under 
watchful guidance than to face perhaps even worse dangers in another place. There 
is another side to this question which is not mentioned frequently. It is not fair 
to other communities for persons to come into them from an infected area unless 
the strictest isolation is carried out. Carriers and undiagnosed nonparalytic cases 
especially are the greatest sources of danger. No known means can detect either. 

Question: Is there any reason to believe that abortive cases are as common as 
was at first supposed? 

Answer: No. SS. D. Kramer’s studies with neutralization tests make it seem 
likely that abortive types are not as common as was formerly supposed and there- 
fore it is more likely that no wholesale immunization of the population take place 
during an epidemic. 

Question: Isn’t it reasonable to suppose that in doing a diagnostic spinal tap 
one may favor the passage of the virus through the choroid plexus? 

Answer: It does not seem likely. What is of infinitely greater moment and of 
the greatest interest to students of the disease is the question as to whether the 
giving of intraspinal serum may not act as has been suggested a simple tap may 
do, as a deterrent to the efficacy of the choroid filter. As is known even an homolo- 
gous serum produces irritations while a nonhomologous one may do untold damage. 

Question: If elinical symptoms strongly suggest the diagnosis of poliomyelitis 
and the spinal tap reveals no cell increase, is one justified in giving serum? 

Answer: Yes, but only intravenously or intramuscularly. Unless the serum 
is at a premium either of the above routes should be used. The mental relief af- 
forded the family even though the case is never proved to be poliomyelitis is tre 
mendous and if it should be a proved ease there can be no question that the best 
practice has been followed. 

The Round Table Conference went on record as favoring the widest possible dis- 


semination of the plan outlined by the Kings County Medical Society. 





A COMMUNITY PLAN FOR THE STUDY, AFTER-CARE AND 
CONTROL OF POLIOMYELITIS* 


By Murray B. Gorpon, M.D. 


Chairman, Sub-Committee on Poliomyelitis, Medical Society of the County of Kings, 
Brooklyn, N. Y. 


INCE 1916, Brooklyn, N. Y., has been the victim of two extensive epidemics of 

acute poliomyelitis. During the summer of that year, with a population of 
1,928,432 it had 4312 cases and 1147 deaths, a mortality incidence of 26.6 per cent. 
In the 1931 epidemic, which lasted from about the first of July to the end of 
September, there were 2166 cases reported. Scattered cases during the next three 
months brought the grand total from July 1 to December 31 up to 2352 cases. The 
death rate was about 10 per cent. 

Poliomyelitis has occurred every year in this borough since 1916, with the fol 


lowing number of cases and deaths: 


Year Cases Deaths 
1917 39 17 
1918 48 11 
1919 14 7 
1920 54 15 
1921 227 47 
1922 65 18 
1923 143 17 
1924 169 41 
1925 100 31 
1926 47 10 
1927 188 34 
1928 263 69 
1929 24 8 
1930 30 2 


Total 1411 357 (25%) 


The distribution of the cases was about the same in both 1916 and 1931 and 


showed a tendency to be grouped more or less in proportion to the varying density 


of the population. There was a greater relative increase in two sections in the 
recent epidemic, those of Coney Island and Garritsen Beach, probably due to an 
increase in the population within the last ten years. The two pin-dot maps (Figs. 1 
and 2) illustrate the distribution in 1916 and 1931, each dot designating a case. 
The colored population was apparently less susceptible to the disease in spite of its 
being ‘‘sandwiched’’ in between affected areas. 


The age distribution in the 2166 cases in the recent epidemic is as follows: 


Under 1 year of age 86 

One year of age 206 

Two years of age 338 

Three years of age 296 

Four years of age 23 Total of 1316 under school age. 
Five years of age 156 Total of 1993 under 21 years of age. 
Six to 20 years of age 677 

Above 21 years of age 27 
Age not given 146 


*Read at the Round Table Conference on Poliomyelitis at the Annual Meeting of 
the American Academy of Pediatrics, New Orleans, May 13, 14, 1932 
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In September, 1931, « Committee on Poliomyelitis was appointed by the president 
of the Medical Society of the County of Kings to study the 1931 epidemic in 
Brooklyn which is the County of Kings. This is a Subcommittee of the Committee 
on Public Health and is composed of 3 pediatrists, 3 orthopedic surgeons, 2 medical 
physiotherapists, 2 neurologists, 2 public health experts, 1 pathologist, and 1 
hematologist. 


It was apparent very early in the study that an investigation of the clinical 


aspects of the acute and chronic stages would be a duplication of similar under- 


takings of other organizations such as the New York Academy of Medicine and the 
Departments of Health and Hospitals. It was therefore decided that the program 














Fig. 1. (1916) 
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inelude a five-year plan of study which could cover all angles of the problem, espe 
cially those dealing with the subsequent fate of the children. The program must 
inelude the following main objectives: The clinical and epidemiological considera- 
tion of the acute and chronic stages as a fundamental basis for individual study 
of each child; a community plan for adequate after-eare; a community plan for 
preparedness against future epidemics and a plan for organization during an 


epidemic. 





Fig. 2. (1931) 


The plan is described in the following tabulated form: 
Study of Epidemic of 1931— 
A. Acute Stage: 
1. Epidemiology, number of cases, distribution, ete., as compared with that of 


1916. 





102 THE JOURNAL OF PEDIATRICS 


2. Study of all clinical records of hospitals and private physicians by means of 


rT special form. 


3. Special emphasis on the preparalytic stage-—its clinical course, the evaluation 


of spinal fluid findings in the diagnosis and the effects of various methods of treat- 
ment employed in this epidemic; convalescent serum, transfusion from immune 
donor, immune horse serum and simple lumbar puncture without any other specific 
treatment. 

+. Comparison of the subsequent course of cases diagnosed in the preparalytic 
stage as compared with those not seen until the paralytic stage. 

5. Respirator cases studied from the viewpoint of the clinical picture and the 
number which died in the acute and postacute stages. The cause of death in those 
children who died after discharge from the hospital to be investigated to determine 
any possible relationship to the paralysis. Present condition of those who are still 
living. 

6. General treatment. 

B. Chronic Stage. 

l. Follow-up of patients in hospital and out-patient department and through 
communication with private physician for those receiving home treatment. 

Comparative studies of condition on discharge and that found on periodic 
examination at stated intervals. 

}. Nonparalyzed and recovered cases to be observed and followed up for one 
vear after discharge. 

+. Paralyzed eases to be under study for the entire time of this investigation. 

5. All deaths subsequent to the acute stage to be investigated to determine any 
possible relationship to previous or existing paralyses. Causes of death to be re- 
ported by Department of Health (Bureau of Vital Statistics). 

6. Comparison of death rate in these children and that of general population of 
same age and period. 

7. Final evaluation at the end of five years as to the effect of various forms of 
orthopedic and other therapeutic treatment. 

The following plan is to be employed in the after-care and preparation for future 


epidemics : 


Community Plan 

A central bureau is to be established with representation from the following: 

1. Medical profession as represented by Committee on Poliomyelitis of County 
Society. It is to study the disease as outlined elsewhere in this report and is to 
keep abreast of all new information on the subject. 

2. Nursing as represented by the Visiting Nurse Association of Brooklyn, This 
is an organization with a staff of 135 registered graduate nurses who are giving 
nursing care to the sick in their homes and health supervision to individuals or 
families requiring their services in the Borough of Brooklyn. The cost per visit 
is $1.10 and patients are expected to pay in whole or in part or nothing at all, de- 
pending upon their economic conditions. The borough is divided into seven zones, 
each under the jurisdiction of a supervisor. 

The Medical Society of the County of Kings has since 1924 acted through its 
Committee on Publie Health as the Medical Advisory Board of the Visiting Nurse 
(Association. At that time, standing orders covering the bedside work of the visit- 
ing nurses were prepared by a joint committee of the nursing group and the county 
society. In 1929 the Society prepared similar standing orders for public health 
educational work. 

As a result of this close contact the possibility for cooperative work in any 
public health procedure is always present. In our plan for the present study, we 
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are receiving valuable statistical case report and other assistance from this associa 
tion and expect to receive even greater help in follow-up work as outlined else- 
where in this report. 

The nurses of the Visiting Nurse Association have cared for 2362 poliomyelitis 
eases in 1931 which included practically all those in Brooklyn and in the adjacent 
County of Queens. The organization has supplied to the Committee information 
as to the present condition on almost all of the Brooklyn cases. 

3. The City Administration as represented by the Department of Health and 
Hospitals. It is to provide all possible facilities in fighting the disease, have police 


powers during an epidemic and provide adequate beds for all requiring hospitaliza- 


tion. During the recent epidemic, about 1300 cases were admitted to city hospitals 
in this borough. The city should also provide transportation facilities for all 
poliomyelitie victims. 

A need exists in the Borough of Brooklyn for the transportation of crippled chil- 
dren to and from their homes and the various clinics. We are indebted to the 
Transportation Committee of the Public Health Committee of the Brooklyn Chamber 
of Commerce for the following information. The Board of Health does not in any 
way enter into the field of transportation, so that when an epidemic is over the 
question becomes an individual problem. All of the hospitals in the Borough that 
have orthopedic clinics and physiotherapy departments report that transportation is 
necessary and are now collecting data on this matter. 

The Committee for the Crippled of the Brooklyn Bureau of Charities is sup 
porting one bus with chauffeur and attendant six days a week to three hospitals. 
Transportation to another clinic is provided for by a private individual through the 
Visiting Nurse Association. The latter states that 120 children are receiving treat 
ment at their respective homes by their nurses two to three times a week who could 
be treated at clinics if adequate transportation facilities were available. All in 
all there are about 80 children, mostly in the preschool age, who are being trans 
ported. 

Some of the transportation will be withdrawn soon because of lack of funds 
and the likelihood of obtaining additional funds from private sources seems remote. 
It is estimated that a bus operating for approximately 19 children making three 
trips a week and being in use from early in the morning until late in the after 
noon costs approximately $40 per week. On the basis of 100 children requiring 
transportation the expense involved for the city would be less than $1000 per month 
and as time goes on there will be a decrease in the frequency of visits. 

4. Private hospitals as represented by the Hospital Council of Brooklyn. Private 
hospitals should be permitted to take care of acute cases if they can provide proper 
isolation for those whose parents wish to pay for their care. Free cases should be 
sent to city institutions. The city should reimburse for free cases in private in- 
stitutions only in the event that that particular hospital has a special accepted 
method of treatment which cannot be obtained in the city institution or in the event 
of lack of beds in city hospitals. About 500 cases were treated in private hospitals 
during the recent epidemic on both free and paying basis. There are 253 paralyzed 
children who are being treated at present (May 23, 1932) in both city and private 
orthopedic hospitals, exclusive of those in out-patient departments. 

5. Social welfare organizations such as the Brooklyn Bureau of Charities, As- 
so“ation for Improving the Condition of the Poor and Children’s Welfare Federa- 
tion should be represented. 

6. The public as represented by the Chamber of Commerce, Rotary Club and 
other lay organizations. They should assist in providing transportation and in the 
raising of money for the financing of this plan, social welfare purposes, establish- 
ment of convalescent homes, ete. 
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The Board of Education should provide proper schooling for those unable to 
Older children should be trained for vocational occupation adaptable 


go to school. 
to their deformities. 

For over a quarter of a century there has been organized in the public schools 
of New York City a system of special education for physically handicapped chil- 
dren. Today this special school and health care ineludes special classes in public 
school buildings, hospitals and convalescent homes and also home instruction for 
home-bound children of normal mentality. 

A thorough preliminary education is provided giving the same training as that 
imparted to children in regular classes leading to graduation and high school 
The direct supervision and administration of the crippled and other 


privileges. 
handicapped children are in charge of an assistant director of health 


physically 
education in the Board of Education who is a physician, 
The children attend graded classes in special classrooms located upon the first 


floor. The rooms are especially equipped with furniture which is adjustable for 


all types of physical defects. Classes are also conducted in practically all hospitals 


and convalescent homes, instruction being given to those children who are certified 
»y their physicians as being physically fit to receive it. 

Home instruction is provided for those children who are discharged from hospi- 
tals to their homes but too helpless to attend the special classes in schools. The 
home teaching is given in both elementary and high school work. 

The Board of Education furnishes transportation for crippled children to and 
from home and school but not to clinics. 

The Central Bureau is to have the following functions and authority: 

1. To define and allocate the function of each constituent agency. 

2. To coordinate and supervise the activities of each. 

3. To list all possible donors of convalescent serum so as to assure contact at 
This is to inelude all former poliomyelitis patients irrespective of the 
Change of address is to be obtained through field workers of Visit- 


all times. 
date of illness. 
ing Nurse Association or voluntary notification by patient. 

+. All prospective donors to be also listed as to type of blood grouping, year of 
illness, name of hospital in which treatment was obtained or if treated at home, 
name and address of attending physician at the time. Every case must be authenti- 
cated. Every individual who is to be a blood donor must meet all the requirements 


of professional donors as to Wassermann reaction, general health, ete. 


Procedure in Time of E pide mic 

1. On the first appearance of an epidemic, a meeting of all the constituent 
agencies is to be called and plans formulated for combating it. Subsequent meet- 
ings to be held at least once a week or oftener. 
2. The borough is to be divided into definite zones corresponding to those of the 


Visiting Nurse Association (at present the latter organization has 7 districts). 

3. The central bureau is to control the collection and distribution of all conval 
escent serum and the allocation of blood donors for transfusion. 

4. A supervisor is to be assigned to each district who must be a physician who 
is capable of performing lumbar punctures and typing of blood. He is to be re- 
sponsible for the activities of his district. 

5. At the present time, the Committee can make immediate contact with 100 
adults who were afflicted with poliomyelitis in previous epidemics. They have all 
been typed for blood groupings, are Wassermann negative and are willing to supply 
blood for a nominal remuneration. 

With this reserve, 200 patients ean be treated by transfusion during the first 
week of an epidemic in the Borough of Brooklyn. The majority of the donors could 
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supply an additional amount during the second week without any ill effects and 


provide treatment for another 100 patients. 

It is estimated that 20,000 ¢.c. of convalescent serum could be obtained from 
these 100 donors. On the bases of 70 ¢.c. to each patient, this should be sufficient 
to treat 300 cases during the first week of an epidemic. Additional serum could 
be obtained by personal appeal to the adults and to the parents of all children on 
the list of the Bureau. Unless an epidemic should assume the size of that of 1916 
we feel capable of handling the supply of blood for the Borough of Brooklyn. 
We do not think it necessary to store up a quantity of serum at the present time. 

6. Patients in the preparalytic and acute stages are to be typed for blood group 
ing at the same time that a lumbar puncture is done. 

7. A list of all new patients is to be forwarded daily by each hospital to the 
Central Bureau in duplicate, the bureau retaining one and the Visiting Nurse As 
sociation the other. A similar list of those treated at home is to be supplied by 
the Health Authorities. 

The following procedure is that employed by the Visiting Nurse Association in 
the recent epidemic and may serve as an example: 

All the nurses on the orthopedic staff of the Visiting Nurse Association of 
Brooklyn have special preparation for this field of nursing. 

When a new case of poliomyelitis is reported to the Visiting Nurse Association, 
the call is sent to the nurse in that district. She makes a visit in the home as soon 
as possible. The patient may be in the home under quarantine or may be in the 
hospital. In either case the nurse instructs the family to call the Visiting Nurse 
Association when the child is released from quarantine or returns home. Families 
usually do this. During the 1931 epidemic, Kingston Avenue Hospital sent daily 
reports to the Visiting Nurse Association which stated all patients discharged to 
the family or an institution, change of diagnosis, no case and deaths. This was 
an enormous aid in reducing the time between the first and second visit of the 
nurse to the family. 

When the patient is released from quar *ntine the nurse plans with the mother 
for medical care: 

1. If the family has a private physician the patient is referred to him for ex 
amination and after-care. 

2. If during the acute illness no physician was in attendance or there is no family 
physician and the family is unable to pay for such service the nurse suggests that 
the patient attend the nearest orthopedic clinic. She makes subsequent visits to 
see that this suggestion has been followed. 

3. If a physician sent the child to the hospital and the family can no longer 
afford his continuous service, the association sends him a form letter, endorsed 
by the Kings County Medical Society, advising him of the financial condition of 
the family and asking him if he wishes to attend the patient or have him referred 
to a clinic. These suggestions are made even though there may be no evidence of 
paralysis. 

While waiting for definite orders from the physician the nurse instructs the 
mother in the general hygienic care of the patient and demonstrates the means of 
preventing deformities of the affected part. 

If the clinic physician advises massage and muscle re-education and for some 
worth-while reason the family is unable to take the patient to clinie for this 
treatment a Visiting Nurse gives the treatment in the home. The child returns 
to the clinie for examination. The treatments are also given in the home when 
the patient is under the care of a private physician and when the family is unable 
to afford a private masseuse. 
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All patients are visited at regular intervals over as long a period as necessary 


or until discharged by the physician. 


Hospital Organization 


1. A poliomyelitis service should be established under the direction of a pedi 


atrist. A poliomyelitis team should be formed consisting of a pediatrist, ortho 
pedist, neurologist, hematologist and pathologist. 

2. Duties of each: Every patient is to be examined and observed daily by the 
pediatrist, neurologist and orthopedist. The hematologist is to examine or super- 
vise the examination of the spinal fluid and blood and direct intravenous treat 
ment. Efforts should be made to obtain an autopsy on every fatal case and the 
material examined by the pathologist and neurologist. 

3. Patients in the preparalytic stage should be divided into three groups: One 
group to receive convalescent serum, one transfusion from an immune donor, and the 
third lumbar puncture without serum treatment. 

4. All record forms and nomenclature should be standardized. This is especially 
important in the condition of reflexes and the degree of paralyses present. Signed 
notes are to be written by each examiner. 

5. Evaluation of findings in each case by the poliomyelitis team. Transcript of 
each record to be forwarded on discharge to the Central Bureau. 

6. Evaluation of various methods of treatment under controlled study as listed 
above. 


SUMMARY 


This is a preliminary report of the Committee on Poliomyelitis of the Medical 
Society of the County of Kings which is undertaking a study of the recent epidemic 
in Brooklyn. The committee consists of 3 pediatrists, 3 orthopedists, 2 neurologists, 
2 medical physiotherapists, 2 public health experts, 1 pathologist and 1 hematologist. 

A five-year plan is advanced for community study, after-care and control under 
a Central Bureau consisting of representatives of seven organizations: 1. Polio- 
myelitis Committee of the County Medical Society. 2. Visiting Nurse Association. 
3. The City Administration through the Departments of Health and Hospitals. 
4. Private hospitals. 5. Chamber of Commerce and similar lay organizations. 
6. Social service and welfare agencies. 7. Board of Education. 

The procedure is divided into the following phases: 

1. Study of the epidemic of 1931 in Brooklyn. This will be investigated from 
both the clinical and epidemiological viewpoints. All clinical records of hospitals 
and private physicians are to be studied on special forms, paying special attention 
to the preparalytic stage, the effects of various methods of treatment employed 
and the subsequent course of cases diagnosed in this stage as compared with those 
coming under treatment later. 

2. All patients are to be followed up for five years or until time of death. All 
causes of death subsequent to the acute stage are to be studied to determine any 
possible relationship to previous or existing paralyses. Respirator cases are to be 
especially investigated from this viewpoint. Final evaluations of all treatment 
and methods are to be made at the end of the study. 

3. Plans for after-care call for coordination of all the agencies in the Central 
Bureau with the Committee of the County Society in a prominent réle. Periodic 
examinations, transportation and schooling and means for convalescent care are to 
be provided. 

4. The Central Bureau is to have available at ali times a list of all patients for 
the purpose of obtaining convalescent blood or immune whole blood for transfusion. 
It is to be responsible for their collection and distribution in times of epidemics. 


The functions of the Bureau are described, 
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5. The preparation against epidems from a community viewpoint call for co 


operative action of ail the organizations in the plan. The procedures are described 


including the subdivision of the city into zones. 
6. In times of epidemics, hospitals are to form ‘‘ poliomyelitis teams’ 


’ consist 


ing of a pediatrist, an orthopedist, a neurologist, a hematologist and a pathologist. 

The Committee wishes to acknowledge its indebtedness to the agencies and 
hospitals of Brooklyn who by their hearty cooperation have demonstrated that 
the plan is feasible and practicable. We especially wish to thank Dr. Alec 
Thomson, Director of Medical Activities of the Medical Society of the County of 
Kings, Dr. Alfred E. Shipley, Chairman of the Public Health Committee, Miss 
Elizabeth Stringer and Miss Marion Ballantyne of the Visiting Nurse Association 
and Miss Sadie Engel, formerly of the Russell Sage Foundation. 


Academy News 


Dr. Joseph Stokes, Jr., of Philadelphia, has been appointed State Chairman of 
Pennsylvania. 
Dr. Harmon A. Tremaine of Boise has been appointed State Chairman of 


Idaho. 


Dr. Clifford G. Grulee has been appointed Chairman of the Committee on Hos- 
pitals and Dispensaries to replace Dr. Gerstenberger, resigned. 


The new New York Hospital—Cornell University Medical Center is expected to 
open for the reception of patients on September 1 and for the new school year 
later in the month. The Pediatric Hospital of that center is under the direction of 
Dr. Osear M. Schloss who serves also as Professor of Pediatrics in the University 
Medical School. Further details of this opening will be given later. Dr. Schloss 
has been pediatric Director of the Nursery and Child’s Hospital for some time. 


Dr. Louis C. Schroeder has been made Director of the Pediatrie Service at the 
Nursery and Child’s Hospital in New York City to succeed Dr. Oscar M. Schloss 
who becomes Professor of Pediatrics at the new New York Hospital—Cornell 
University Medical Center. His appointment is effective from September 1, 1932. 


On June 4, 1932, Professor Arthur Schlossmann died at the age of 65. Profes- 
sor Schlossmann was director of the Children’s Clinic of the Medizinische Akademie 
in Dusseldorf where he had been for the last sixteen years. Professor Schlossmann 
is best known to American pediatricians not only for his outstanding work in pedi- 
atries, but because he was joint author with Professor von Pfaundler of the Hand 
book of Pediatrics. Professor Schlossmann might be looked upon as one of the 
pioneers of modern pediatrics since he became interested in this branch of medicine 
when it was poorly defined as a specialty and when the problem of saving the 
lives of children was paramount. His interest in the social side of pediatrics gave 
him a very broad field of interest and many of the results of his efforts in this 


field of pediatrics remain outstanding in his country and as examples to others. 








Book Reviews 


Health Protection for the Preschool Child. White House Conference on Child 
Health and Protection. The Century Company, New York, 1931, p. 275. 


To round out its various studies of the opportunities provided for child health 
and protection, the Committee on Medical Care for Children investigated’ the 
extent to which the child before entering school had had the advantages of gen- 
eral health supervision, as inuicated by a general health examination and a den- 
tal health examination, and protection against two specific diseases, smallpox 
and diphtheria. 

The report consists of four parts. 

Part I gives a brief summary of the status of these measures as shown by 
information given by nearly 3,000 physicians, 500 dispensaries, 350 full-time 
county health officers, and many child health stations. These reports indicate 
‘‘that there are abundant facilities for carrying out these recognized preventive 
measures throughout a large part of the country and that the supply is greater 
than the demand; that parents are interested in health examinations for their 
babies, but very much less so for the older children; that they are favorable to- 
ward vaccination and more for the older children than for the babies; and toward 
diphtheria immunization they show slightly less interest and then more for the 
older than the younger children.’’ 

’art II summarizes ani discusses the results of the survey, carried out over 
a period of approximately eight months, of 145,720 children under six years of 
age in 156 cities, mostly over 50,000 population, located in 44 states, the District 
of Columbia, and Hawaii. Less complete facts are also presented concerning 
37,439 children in the rural portions of 597 counties in 42 states. The informa- 
tion was secured through personal house to house canvasses and the utmost care 
was exerted to make the Survey a fair index of conditions as they exist among 
all classes of the population. 

The results show tremendous variations in cities in the same part of the coun- 
try as well as in widely separated parts. Health examinations had been given 
for 82 per cent of the 427 children reported on in Berkeley, Calif., while in 
Roanoke, Va., only 11 per cent of 468 children had received this attention. Den- 
tal health examinations varied from 44 per cent of 374 children in Cleveland 
Heights, Ohio, to 1 per cent of 499 in Knoxville, Tenn. In New York City 48 
per cent of over 21,000 children under six years of age had been vaccinated 
against smallpox, whereas in Winston-Salem, N. C., of 479 only 2 per cent had 
been vaccinated. In diphtheria immunization the range is just as wide, Niagara 
Falls, N. Y., having 50 per cent of 460 children immunized while Columbus, Ohio, 
showed only 1 per cent of 915. 

Very interesting comparisons are given in the text, illustrated very clearly 
with most excellent graphs and charts. Not only is there a great variation among 
different cities concerning these procedures, but within the city itself the relative 
amount of attention paid to each varies tremendously. The Report does not at- 
tempt to explain why, for instance, in Niagara Falls, N. Y., 63 per cent of the 
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children had been given health examinations, whereas only 6 per cent had been 
vaccinated against smallpox; or why, in Portland, Ore., 53 per cent had received 
health examinations while only 4 per cent had been immunized against diphtheria. 
It leaves that for the individual city to find out for itself, if it is interested, as 
the report feels it should be. 

From the information gathered it appears that in general those of a relatively 
higher economic status in a particular locality pay more attention to these mat- 
ters than those of lower, which is rather contrary to the opinion often expressed. 
There is a vast amount of information contained in this part of the report, which 
is worthy of greater study. 

In addition to this material dealing with cities, some interesting facts are 
presented regarding rural communities. It was not possible to make such an 
intensive study here. In general, as perhaps might be expected, a smaller pro- 
portion of the children had received the advantages of these procedures than in 
the urban areas, with the exception alone of dental examinations, where the rural 
children showed actually a greater percentage examined. In the states where 
there are greater numbers of cities and towns, the figures for rural and urban 
areas come closer than in those of a strictly rural character. The same wide 
variation in the attention paid to individual procedures is noted here. 


-art III presents nearly 100 pages of detailed tabular information, presented 


in very clear and intelligible form. 
Part IV is composed of forms and methods used for the instruction of those 


carrying on the survey and for recording the data. It should be of great value 


to those who propose to make local surveys of almost any subject, for they 
received the most enthusiastic and practically universal approval of all who 
handled them. 

This report is of great interest from a number of standpoints. There is evi 
dent a great neglect of vaccination against smallpox among children before they 
enter school. While during the first year of life is apparently the safest time, 
in almost no community is any great effort made to do it. 

The first six years of life are the most dangerous for diphtheria. This fact 
is not apparently appreciated, for the average in all the cities was only 21 per 
cent and 18 per cent in the rural districts. 

It brings out the woeful lack of complete, well rounded programs almost every 
where. It indicates the need for continuous, vigorous and more extensive edu 
cation of the people in the needs of health protection among children. 

If a community is interested in finding out facts, it is almost always possible 
to obtain them without great expense of money or of time. This survey was 
carried on by approximately 284 different organizations, in some cases seven or 
eight different groups in one city combining to obtain the information, without 
unduly interfering with regular work. Every check known to the statistician 
indicated the facts to have been obtained accurately. 

And, finally, as a report, it is most unusual in presenting facts based upon 
purely statistical data in a way which is easily understood and holds the atten 
tion of the average reader. 

Puiuiep H. VAN INGEN. 


The Life of Edward Jenner, Naturalist and Discoverer of Vaccination. F. Daw- 


trey Drewitt. Longmans, Green & Company, 1932, pp. 127. 


This small volume is the most interesting and intimate review of the life of 
one of the world’s greatest benefactors which has appeared since the Life of Jenner 
by John Baron written nearly a century ago. The earlier work was most ex 
haustive and appeared in two large volumes only a short while after Jenner’s 
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death in 1823 from cerebral apoplexy. While this volume by Drewitt appears 
several years after the centenary of his death, it should be regarded as a token 
of that occasion which was celebrated extensively throughout the civilized world. 
This volume recites in a most interesting way the factors of Jenner’s life which 
played such an important part in his personality and success other than as he 
who perfected vaccination against smallpox. Born of a clergyman and with other 
ancestors as well as brothers, who were clergy, it was but natural that he should 
have found a deep interest in all forms of life. Since then, and even today, the 
village clergy of England have stood out prominently among the floriculturists, 
botanists and naturalists of that country. The training of his powers of observa- 
tion from this influence led to his success in later life as a fully developed naturalist 
and, no doubt, played some part in the observations which led to his demonstration 
of the relation between cowpox and smallpox and to the very superior advantage 
of successful protection against smallpox by ‘vaccination by cowpox. 

This book also recites the influence of John Hunter on the life of Jenner and the 
many activities in clinical medicine of the day in which Jenner shared. The position 
he oceupied in his community, his refusal to be led away to a more glorious life in 
London, and the humility with which he accepted the many honors conferred on him 
all mark him as a truly great man. One thought stands out after reading the 
work that even great and busy practitioners of medicine may occupy their leisure 
and recreational opportunities in many profitable ways to afford true relaxation 
from their work and add to the sum total of the world’s storehouse of knowledge 
as well. It may be the leisure that has come to the world today may result in 


some measure in this same way. 
HuGu McCubiocn. 


Erratum 


On page 215, August issue, reference 13 should read: Marick, 8S. W., ete. 





Comments 


NE of the most interesting and instructive reports which has come to our at 

tention recently is a study of the first one thousand midwifery cases of the 
Frontier Nursing Service. The study was made by Lonis I. Dublin, statistician of 
the Metropolitan Life Insurance Company, which insures its accuracy. 

The Frontier Nursing Service is a most interesting and worth-while work in the 
mountainous counties of Kentucky. The region is only accessible in large part by 
horseback and in the past has had little or no medical and nursing help available. 
The nurses are all trained midwives who up to the present time have been trained 
‘in England, as widwife training for nurses has not been favorably looked upon 
in the United States. The Frontier Nursing Service has worked in closest co- 
operation with the medical profession of Kentucky and is approved by the State 
Medical Society and Board of Health. 

We quote from the report: 

**This study covers the tabulation of the first one thousand midwifery cases of 
the Frontier Nursing Service. All of these women registered with the service during 
pregnancy and were cared for during delivery and were followed up for one month 
after delivery. 

‘*The patients cared for were, for the most part, young women. Seventeen per 
cent were under age 20, and 28 per cent between 20 and 25 years. A total of 
45 per cent were registered under age 25. 

‘*Eighteen per cent of the cases receiving care were primiparas. Among the 167 
women under age 20, 109 were in their first pregnancy. Two hundred eighty-seven 
women, or 29 per cent, developed one or more puerperal abnormalities during preg 
nancy and in 130 cases, the service of a doctor was called for. This proportion of 
abnormalities is lower than is usually found in the general population and is lower 
than in other series where excellent care in pregnancy has been available. Only 
two of the thousand cases developed eclampsia, although there were 172 cases with 
toxic symptoms which might have developed seriously without the care which the 
nurses rendered. Delivery complications occurred among 366 women, of which the 
commonest were hemorrhage, prolonged labor, and laceration. The number of these 
eases, however, is much less than usually occurs. In only 52 cases was it necessary 
to obtain the service of a physician during labor. Forceps were used 9 times. 

‘*The most important single result of this work is that not one of the women died 
as the direct result of either pregnancy or labor. There were two deaths in the 
series; but in one of these, the cause of death was chronic heart and kidney dis- 
ease and in the other it was chronic heart disease. Neither of these two cases 
could properly be ascribed to the maternal state. They would probably have oc 
eurred under ordinary conditions. 

** Another important result is the small number of stillbirths. There was a total 
of 26 stillbirths among the 1,015 babies. This figure is one-third less than occurs 
usually in the general population of the United States. Another end-result is the 
number of babies that die within one month after birth. There were 25 such 
deaths out of 989 babies born alive. In the general white population of Kentucky, 
there occurs 36 such infant deaths in 1,000 live births, which represents a saving 
of one-third from that in the general population. 
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** Finally, it is important to note that the mothers and babies were discharged at 
the end of the month in good health. Out of the thousand women who were visited 
up to within four weeks after delivery, 96 per cent were reported by the nurse as in 
satisfactory condition. 

‘*The study shows conclusively what has in fact been demonstrated before, that 
the type of service rendered by the Frontier Nurses safeguards the life of mother and 
babe. If such service were available to the women of the country generally, there 
would be a saving of 10,000 mothers’ lives a year in the United States, there would 
be 30,000 less stillbirths and 30,000 more children alive at the end of the first 
month of life.’’ 

If a nurse midwife service such as this, operating in remote hamlets and lonely 
mountain homes accessible only on horseback and handicapped by primitive condi 
tions such as are found in almost no other portion of the United States can obtain 
such remarkable results, it is time to consider seriously whether or not the same 
principles and routines should not be put into effect in our more ‘‘civilized’’ areas. 


¢ THIS number of the JOURNAL appears the record of the Round Table Dis 
cussion on Poliomyelitis at the Second Annual Meeting of the Academy of Pedi- 
atries at New Orleans on May 14, 1932. Ineluded in the record is a report by 
Dr. Gordon on ‘‘A Community Plan for the Study, After-Care and Control of 
Poliomyelitis.’’ There is also a special article by Dr. Schultz, professor of bac 
teriology at Stanford University, in which he discusses some of the more recent 
developments of our knowledge of this disease. There are at the same time several 
original communications on the general subject of poliomyelitis, and one by 
Dr. Bond on the related subject of encephalitis, Dr. Bond is professor of psychiatry 
at the University of Pennsylvania and is director of the Children’s Center for the 
care of postencephalitic states at the Pennsylvania Hospital Institute of Mental 
Hygiene in Philadelphia. 

It is fortunate that the JouRNAL is able to have ready and to present this ma- 
terial at this season when the disease is apt to prevail in increased numbers and 
when the attention of physicians who anticipate such cases or who have acute cases 
under their care will be turned toward a study of the subject and who will want 
the best information available. It is gratifying to realize that early recognition 
and treatment of cases in the preparalytiec stage has been emphasized in all the 
material under discussion. It is generally agreed that the best hope of relief lies 
in this field. 

Notice has been given that the Michigan Commission on Infantile Paralysis 
expects to continue its plan of rendering state wide aid to physicians in dealing 
with the possible increase of cases of poliomyelitis during the coming season. The 
work of this Commission was most effective last year and represents a thoroughly 
comprehensive and correct way in which the public health authorities can assist 


practitioners in the state. The plan should serve as a model to other states who 
have to deal with this disease. The collection and intelligent use of convalescent 
serum is one of the important functions of the Commission. 


























The Journal of Pediatrics 


CONTENTS FOR SEPTEMBER, 1932 


Original Communications 


Erythroblastosis Fetalis and Its Association With Universal Edema of the 
Fetus, Icterus Gravis Neonatorum and Anemia of the Newborn. Louis 
K. Diamond, Kenneth D. Blackfan, and James M. Baty, Boston, Mass. ~~ 


Postencephalitic, Ordinary and Extraordinary Children, Earl D. Bond, M.D., 
Ee ie EE Re EE aL AS a ee) PE ene ee TE 


Intraperitoneal Iron in the Treatment of Secondary Anemias of Infancy. 
Clifford G. Grulee, M.D., and Heyworth N. Sanford, M.D., Chicago, Tl. ~~ 


Poliomyelitis in the Preparalytic Stage With a Discussion of Treatment. 0O. N. 
Torian, M.D., and Matthew Winters, M.D., Indianapolis, Ind. ~......... 326 


Early Acute Anterior Poliomyelitis Without an Increase of Cells in the Spinal 
Fluid. Sidney O. Levinson, M.D., Chicago, Wl, ~~....-.....-.--..---~.. 337 


Bleod Grouping in Poliomyelitis. E. B. Shaw, M.D., H. E. Thelander, M.D., 
ead EK. Biigactif, MD., Gem Wraenmeisee, Calif. ....cccnecceemecenecsso= " 


The Diagnostic Value of the Levinson Test. Charles R. Messeloff, M.D. 
Antiques of Pediatric Interest. T. G. H. Drake, M.D., F.R.C.P. (C) ~~-- 


Special Article 


Recent Advances in the Study of Poliomyelitis. E. W. Schultz, M.D., Stanford 
University, California 


Critical Review 


Recent Advances in Pediatric Otolaryngology. Lee Wallace Dean, M.D., St. 
Louis, Mo. 


American Academy of Pediatrics 


Pr dings 8 d Annual Meeting of the American Academy of Pediatrics —-~ 





A Community Plan for the Study, After-Care and Control of Poliomyelitis. 
Murray B. Gordon, M.D., Brooklyn, New York 


Academy News 


Book Reviews 


Comments 





























PHYSICIANS ARE INVITED TO WRITE FOR A COPY 
OF THE NUTRITIVE AND ASSAY REPORT ON 


Certifoods 


SIEVED VEGETABLES 
VEGETABLE 


PUREE Cerrirvops Steven Vecrrasies have been enthu- 
siastically received and approved by prominent 
physicians. They bear the seal of acceptance of 
the Committee on Fvods of The American 
Medical Association. Hospitals and Children’s 
Clinics have endorsed Certifoods and many have 
standardized on them as the vegetable supple- 
ment to the dietary of infants and convalescents. 

The manufacturers of Certifoods desire that 
all members of the medical profession should 
know about these superior sieved vegetables 
and the unqualified guarantee that goes with 
every can. Certifoods are scientifically pre- 
pared. Every safeguard that could protect the 
cleanliness, quality, and conserve maximum vita- 
min values is used in the processing. Certifoods’ 
nutritive elements are known and fully assayed 
A nutritive and assay report, prepared after 
exhaustive research and laboratory tests by one 
of America’s recognized authorities on vitamins, 
is offered gratis and without obligation te mem- 
bers of the profession. 

The Certifoods Nutritive and Assay Report 
is conclusive. It shows the analysis of Certi- 
foods for concentration values and their signif- 
icance. [t gives the percentages of proteins. 
fats, carbohydrates, calcium, phosphorus, im 
and the units of Vitamins A, B and C in each of 
the six varieties. It describes the exclusive 
process by which Certifoods maintain maximum 
vitamin values. It gives a table of A, B and ¢ 
vitamin values per ounce of each Certifood 
and other important data is included. ‘This re 
port will prove of interest to pbysiciaus -— par 
ticularly those confronted with the dietary 
problems of infants and convalescents. 

Certifoods are the only sieved vegetables 
which carry a definite guarantee of A, 6 and ¢ 
vitamin content on the label of every container 
Such a guarantee is important—-aod very 

ignificant. 
; Certifoods are sold in ename!-lined 
Sc E a T H F Oo o D Ss Ss I E Vv E D containers. Professional! sample 
together with autritive and asses 
VEGETABLES report, will be mailed on request 


Please use the coupon. 








WittTine CoMPANY, erliJoods Division 


© Vesey Street. New York, XN ° 
Please send me professional samples of Crartroous and a C t f 4 
copy of the vitamin and nutritive assay report. e r 1 0 0 
. INCORPORATE D 


Subsidiary of 
Office Address THE MALTINE COMPANY 
39 Vesey Street New York, N. ¥Y 


Vonme i Phousic 


(vin or fou Slate 


SEE MALTINE ADVERTISEMENT ON PAGE 9 








